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EXECUTIVE SUMMARY 

We evaluated several hydrocarbon producing plants that have been 

suggested in the literature as possible crops for arid .lands. These plants 

are potential sources of rubber, liquid fuel, and industrial lubricants. 

Evaluating the comme.rcia1 agricultural potential of these plants 

relative to that of traditional crop plants is not straightforward --, 

particularly in predicting the yields that can be expected. Some promoters 

of hydrocarbon producing plants have pointed to the tremcndous gains in 

yields that have been achieved in breeding certain traditional crops: If 

even a fraction of such increases could be achieved in a hydrocarbon produc- 

ing plant such as Euphorbia lathyris, this plant would currently be commer- 

cially viable, according to proponents. However, several factors must be 

considered in drawing these comparisons. 

It should be remembered that much time and effort has been put into 

breeding.current crops -- with some crops, such as.corn and wheat, the 
genetic selection process'has occurred over centuries. Modern genetic 

improvement techniques have drastically shortened the selection 'irocess, 

however, introducing new crops and improving them genetically is certain to , 

be a time consuming and expensive process. Further, the genetic potential 

for improvement in these plants is unknown. 

In order to increase yields, crop breeding has traditionally adapted 

plants to environmental conditions of high input agriculture: high nutri- 

ents, adequate'water, and ample pesticides and herbicides to decrease 

competition with pests (Evans, 1980). If resources were unlimited, this 

strategy would be reasonable.. However, in growing plants for energy 

production, it is necessary to determine whether or not high input levels 

make sense from an energy and economic standpoint. 

Some researchers have claimed that hydrocarbon producing plants can be 

grown with minimal or no inputs. It is not known whether current yields can 



be maintained, let alone increased, without moderate to high levels of 

inputs, particularly without irrigation. Further, it has not been demon- 

strated. that these plants can be cultivated on'a commercial scale with 
. . 

minimal or no inputs on arid lands. 

Other researchers have recommended growing hydrocarbon producing' plants 

with minimal inputs and increasing the cultivation time (this applies only to 

perennial plants). The key assumptions in this recommendation are the 

following : 

. * 

1: There is an abundance of inexpensive, arid land that is idle and 

could be put into production. 

2. ! Hydrocarbon plants could be grown 'with'.only one irrigation at the 

time of planting to establish the plant. 

i 
3. j Although the time period before a return.is realized would'be 

increased and the yields at harvest would be low, a reasonable return 

would still be realized at the end of the payback period. 

This approach has not been demonstrated to date, but is being pursued by sev- 

eral reskarchers. 

None of the hydrocarbon producing plants considered in this report are 

nitrogen fixing plants. It is likely that these.species will require the . . 

addition; of fertilizer for commercial cultivation. Alternatively, it may be 

preferable to cultivate hydrocarbon producing plants on i rotational crop 

basis or in mixed culture with legumes. ~cco'rdin~ to.Felker et al. (1980), 

plant productivity on semi-arid and arid lands may be more limited by nitro- 

gen availability than by water availability. 

Most of the economic feasibility and energy analysis studies (including 

our own) assume that a large percentage of the bagasse from these crops will 

be used as a source of combustible biomass or for conversion to alcohol. 

Commercially, this practice may be limited because of the potentially adverse 



e f f e c t s  on t h e  s o i l  of no t  r e t u r n i n g  t h i s  organic  matter .  Deplet ion of the  

organic  mat te r  i n  t h e  s o i l  can be a s e r i o u s  problem t h a t  r e q u i r e s  yea r s  t o  

c o r r e c t .  

. . 

Our eva lua t ion  of hydrocarbon producing p l a n t s  r e l i e s  on a thorough 

review ok t h e  l i t e r a t u r e  a s  we l l  a s  personal '  communications ( b o t h  by t e l e -  

phone and by personal  i n t e rv i ews)  w i th  r e sea rche r s  c u r r e n t l y  doing research  

r e l e v a n t  t o  t h i s  f i e l d .  ,From t h e s e  sources;we have gathered d a t a  t h a t  pro- 

v ides  t h e  b a s i s  f o r  our  t e c h n i c a l  and economic assessments.  This  approach 
. . 

was v i t a l  f o r  ob ta in ing  s ta te -of - the-ar t  information.  

\ ,- 

Sinlce t h e  d a t a  i n  t h i s  f i e l d  i s  pre l iminary ,  our  a n a l y s i s  r e l i e s  on many 

assumptions, which should be v e r i f i e d .  We-have i d e n t i f i e d  t h e s e  assumptions 

i n  t h e  r e p o r t .  Fu r the r ,  we have i d e n t i f i e d  the  p roduc t iv i ty  and economic 

th re sho lds  t h a t  must be achieved f o r  t h e  hydrocarbon products  of t h e s e  p l an t s  

t o  be economically v i ab le .  

.. . ~ e c ' t i o n s  1.1 through 1.10. summarize our  assessment '  of hydrocarbon pro- 

ducing i i an t s ' .  The documented assessment fo l lows  t h i s  summary. P l a n t s  a r e  
1 

d iscussea .according t o  t h e  type of product t h a t  they produce: Those t h a t  a r e  
. a  

.*. 

sources  :of chemical feeds tocks  and f u e l  a r e  d iscussed  f i r s t ,  followed by 

those t h a t  a r e  sources  of. rubber ,  and f i n a l l y ,  t h o s e . t h a t  a r e  sources  of 

l u b r i c a n t s .    he ch ief  goa l  f o r  a l l  of t hese  spec i e s  is  t o  i n c r e a s e  t h e  y i e l d  

of t h e  energy products .  
' 

1.1 Ass'essing Hydrocarbon P l a n t s  

Research i n  t h e  f i e l d  of hydrocarbon producing p l a n t s  has  been hindered 
- 

by a problem t h a t  is  not  uncommon i n  f i e l d s  where r e sea rch  breakthroughs 

could r e s u l t  i n  l a r g e  economic g a i n  -- t h e  problcim i s  t h a t  of not  sha r ing  

r e sea rch  r e s u i t s  with t h e  s c i e n t i f i c  community. Many r e sea rche r s  of hydro- 

carbon producing' p l a n t s  do not  pub l i sh  t h e i r  r e s u l t s ,  and o t h e r s  pub l i sh  

without  providing t h e  necessary  d e t a i l s . r e q u i r e d  t o  thoroughly a s s e s s  t h e i r  



work. This  is  p a r t i c u l a r l y  a concern when p r i v a t e  companies provide the  

funding  f o r  academic r e s e a r c h e r s .  

Much of t h e  a v a i l a b l e  informat ion  is  found . in  popular s c i ence  magazines 

o r  from sources  o t h e r  t han  s c i e n t i f i c  journa ls .  Frequent ly,  t hese  a r t i c l e s  

promote t h e  development of hydrocarbon producing p l a n t s  by claiming t h a t  

l a r g e  y i e l d s  have a l r e a d y  been obta ined  wi th  minimal i npu t s .  These claims 

a r e  no t  supported by a v a i l a b l e  d a t a ,  nor have t h e s e  a r t i c l e s  passed the  t e s t  

of c r i t i c a l  peer  review. 

Many of t h e  r e s e a r c h e r s  wi th  whom we spoke would not  d i s c l o s e  t h e  number 

of acces s ions  nor  t h e  number of p l a n t s  t h a t  they a n a 1 y z e d . h  ob ta in ing  hydro- 

carbon y i e l d s .  Some of t h e  o l d e r  l i t e ra tu re  cited i n  t h i s  r epor t  dnes 

include,  t h i s  i n£  ormation. 

1 .2 Euphorbia l a t h y r i s  

Euphorbia l a t h y r i s  ( s e c t i o n  2.0) produces hydrocarbons t h a t  can be 

converted i n t o  l i q u i d  f u e l s .  The hydrocarbons a r e  l oca t ed  c h i e f l y  i n  t h e  

l e a f  t i s s u e s ,  and t h e  e n t i r e  p l a n t  is harves ted  t o  e x t r a c t  t h e  o i l .  'E .  --- 
l a t h y r i s  has  been proposed a s  a p l a n t  t h a t  could be developed i n t o  a 

"gaso l ine  t r ee . "  

The, q u a l i t y  of t h e  hydrocarbon product appears  t o  be ve ry 'h igh  ( s e c t i o n  

2.4 Qua l i t y  Parameters) .  Mobil Research and Development Corporat ion has  

cracked t h e  crude r o s i n  of E. l a t h y r i s  on a zeol i te -charged  f l u i d  bed a t  - -. -- 
500°C ( o t h e r  processes  may prove t o  be a s  good o r  b e t t e r  f o r  c racking  t h i s  

c rude  hydrocarbon i n t o  u s e f u l  products ,  bu t  t o  our  knowledge, t h i s  i s  the  

only  process  t h a t  has  been t r i e d ) .  The l a r g e s t  f r a c t i o n s  obta ined  were f u e l  

o i l ,  t o luenes ,  xy lenes ,  and benzenes; t h e  l a t t e r  products  a r e  va luab le  f o r  

g a s o l i n e  blending. 

E. l a t h y r i s  h a s  been r epor t ed  t o  be w e l l  adapted t o  a r i d  lands.  The - 
p l a n t  i s  a n a t i v e  of t h e  ~ e d i ' t e r r a n e a n  region.  It has been n a t u r a l i z e d  i n  

t h e  E a s t e r n  United S t a t e s  and i n  c o a s t a l  reg ions  of C a l i f o r n i a  ( s e c t i o n  2.12 



Geographic Range). This  p l a n t  was f i r s t  grown exper imenta l ly  f o r  hydrocarbon 

product ion on small semi-arid p l o t s  i n  C a l i f o r n i a .  From these  f i r s t  exper i -  

ments, many claims were made t h a t  t h i s  p l an t  could be grown i n  the  d e s e r t  

wi th  l i t t l e  o r  no i r r i g a t i o n ,  and t h a t  i t  would produce anywhere from 8 t o  

60 b .a r r e l s  of o i l  per  a c r e  per  year .  These claims have not  been supported by. 

experimental  d a t a  from e i t h e r  semi-arid o r  a r i d  lands.  Prel iminary f i n d i n g s  

i n d i c a t e  t h a t  - E. l a t h y r i s  i s  not  w e l l  adapted t o  an a r i d  environment: It is  

very s u s c e p t i b l e  t o  s o i l  pathogens, and hydrocarbon and biomass y i e l d s  have 

been very low f o r  p l a n t s  grown wi th  and without  i r r i g a t i o n  on a r i d  lands.  

- The hydrocarbon product ion of E. l a t h y r i s  has  been d i sappo in t ing ly  l o w  - 
. ( s e c t i o n  2.5 Yields) :  The average content  has  been 5 percent  of t h e  dry  

p l a n t  weight*. Yields  on a r i d  l ands  i n  Arizona have ranged from 0.2 t o  0.8 

b a r r e l s  per  a c r e . p e r  year  'and y i e l d s  on semi-arid lands  i n  C a l i f o r n i a  have 

ranged from 1 t o  3 b a r r e l s  per  a c r e  per  year  - - .bo th  y i e l d s  a r e  f a r  below the  

e a r l y  -p ro j ec t ions .  

The da t a  a r e  very l i m i t e d  on the  p o t e n t i a l  f o r  increased  hydrocarbon 

y i e l d s  by s e l e c t i v e l y  breeding - E .  l a t h y r i s .  Ten percent  i s  t h e  maximum 

percent  hydrocarbon found i n  an  a c t i v e l y  growing - E.  l a t h y r i s  p l a n t .  It i s  

p a r t i c u l a r l y  ques t ionab le  whether y i e l d s  can be increased  without  g r e a t l y  

i nc reas ing  i n p u t s ,  p a r t i c u l a r l y  without  i r r i g a t i o n .  

Calvin (pe r sona l  communication) has r e c e n t l y  suggested t h a t  t h i s  p l a n t  

be grown i n  temperate c l ima te s  such a s  North Caro l ina ,  where a replacement 

crop is  needed f o r  l abo r  i n t e n s i v e  tobacco crops.  However; according t o  

Alder (pe r sona l  communication), t h i s  p l an t  is  very s u s c e p t i b l e  t o  s o i l  

pathogens everywhere t h a t  i t  has been grown. I f  t h i s  p l an t  i s  t o  become a 

commercial crop,  d i s e a s e  r e s i s t a n t  v a r i e t i e s  w i l l  have t o  be developed. 

*Unless s t a t e d  otherwise,  a l l  hydrocarbon and rubber percentages a r e  based on 
dry  p l a n t  weight. 



We asses sed  t h e  economic p o t e n t i a l  of - E. l a t h y r i s  by us ing  the  h ighes t  

y i e l d s  achieved t o  da te .  ( s e c t i o n  2.15 Economics). We found t h a t  i t  was 

uneconomic i n  C a l i f o r n i a  because of t h e  h igh  c o s t  of land and i r r i g a t i o n .  In  

f a c t ,  i t  i s  probably uneconomic i n  any region where , i r r iga t ion  i s  r equ i r ed ,  

t h a t  is ,  i n  a r i d  and semi-arid lands .  However, i f  

1) petroleum p r i c e s , i n c r e a s e  a s  p ro j ec t ed  by DOE'S base o r  high cases ,  

2 )  a  d i s e a s e  r e s i s t a n t  s t r a i n  i s  found, and 

3 )  it  is found t h a t  E. l a t h y r i s  can be grown i n  c e n t r a l  o r  southern  - ------ 
s t a t e s  where no i r r i g a t i o n  would be requi red ,  

t hen  - E. l a t h y r i s  hydrocarbon becomes economic between 1.990 and 2005. O f  

cou r se ,  d r a m a t i c a l l y  h ighe r  o r  lower biomass and hydrocarbon y i e l d s  w i l l  

a l t e r  t h i s  conclus ion .  

There i s  a  n e t  energy ga in  from - E. l a t h y r i s  i n  t h e  above s c e n a r i o  ( s e e  

s e c t i o n  2.16 Energy Analys is ) .  I f  i t  is assumed t h a t  energy must be expended 

t o  dry  t h e  p l a n t ,  t h a t  a l c o h o l  i s  produced from the  sugars ,  and t 'hat  i r r i g a -  

t i o n  energy is r equ i r ed ,  t h e  energy y i e l d  is  two. t imes the  inpu t s .  I f  i r r i-  

g a t i o n  i s  not  r equ i r ed ,  t h a t  i s ,  i n  c e n t r a l  and southern  s t a t e s ,  t h e  energy 

y i e l d  is t h r e e  t imes t h e  i n p u t s .  , 

I n  conclusion,  we do no t  f e e l  t h a t  t h e r e  is  enough d a t a  a v a i l a b l e  t o  

j u s t i f y  t h e  development of - E. l a t h y r i s  a s  a  source of hydrocarbon. Because 

t h e r e  a r e  s o  many unanswered ques t ions  concerning - E .  l a t h y r i s ,  we recommend 

t h a t  t h e  fo l lowing  s t e p s  be taken before  a  dec i s ion  i s  made t o  develop , - E. 

l a t h y r i s  i n s t e a d  of o t h e r  p o t e n t i a l  energy producing p l a n t s .  

* Standard ize  t h e  c a l c u l a t i o n  and r e p o r t i n g  of y i e l d s :  Methods cur- 

r e n t l y  used d e f i n e  the  hydrocarbon content  according t o  d i f f e r e n t  

c r i t e r i a ;  t h i s  p r a c t i c e  makes i t  d i f f i c u l t  t o  compare d i f f e r e n t  

r e s e a r c h e r s '  da t a .  



m 
Obtain y i e l d  d a t a . f r o m  d i f f e r e n t  p o t e n t i a l  growing a r e a s  by us ing  

. 
s t anda rd i zed  agronomic techniques .  

Determine t h e  p o t e n t i a l  f o r  g e n e t i c  improvement of hydrocarbon 

y i e l d s .  This  t a s k  would r e q u i r e  f u r t h e r  g e n e t i c  s c r een ing  of 

p l a n t s  and some pre l iminary  breeding and g e n e t i c  manipulat ion.  

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

Determine t h e  amount of hydrocarbon produced i n  terms of . t h e  water  

r equ i r ed  f o r  t h a t  y i e l d  ( t h a t  i s ,  t h e  water  u se  e f f i c i e n c y  of 

hydrocarbon product ion) .  

Once t h e s e  .da ta  a r e  ob ta ined ,  t h e  p o t e n t i a l  of - E. l a t h y r i s  should be compared 

w i t h  o t h e r  p o t e n t i a l  C . energy p l a n t s .  

1.3 Milkweeds 

We assessed '  t h r e e  s p e c i e s  of milkweed: Asc lep ias  s u b u l a t a  ( s e c t i o n  4.0 

Deser t  Mi1kweed);A. - s y r i a c a  ( s e c t i o n  5.0 Common Milkweed), and - A. spec iosa  

( s e c t i o n  6.0 Showy Milkweed). 

There c u r r e n t l y  is  n o t  enough informat ion  a v a i l a b l e  t o  a s s e s s  t h e s e  

p l a n t s  i n  d e t a i l .  I n  gene ra l ,  t h e  y i e l d  of hydrocarbon and/or  rubber  from 

LIE d l k w e e d s  wlll have t o  i nc reased  i f  t h e s e  p l a n t s  a r e  t o  be economical ly  

succes s fu l .  Given t h e  complex p o l l i n a t i o n  mechanisms i n  t h e s e  p l a n t s  ( t h e y  

. r e q u i r e  c r o s s  p o l l i n a t i o n ,  and they a r e  p o l l i n a t e d  almost  e x c l u s i v e l y  by 

i n s e c t s ) ,  b reed ing  techniques  w i l l  have t o  be developed. ~ i s s , u e  c u l t u r e  

methods may prove t o  be very  u s e f u l  f o r  g e n e t i c  improvement. 

Another important  f a c t o r  t o  cons ide r  is t h e  tremendous p o t e n t i a l  g e n e t i c  

pool  t h a t  is  a v a i l a b l e  i n  t h e  genus Asc lep ias .  .According t o  Bai ley  (1949),  

t h e r e  a r e  over  150 s p e c i e s  i n  t h i s  genus. Gray (1970) l i s t s  25 s p e c i e s  and 

s t a t e s  t h a t  they f r e q u e n t l y  hybr id ize .  Some of t h e s e  s p e c i e s  may be a  u s e f u l  



source of genetic variability in breeding Asclepias for llydrocarbon or rubber 

production. 

The following briefly summarizes the research status of the three 

milkweed species. 

1)' A. - subulata -- Little or no research has been done on A. subulata - 
since Beckett and 'Stitt's study (1935). ~ h b  rubber yield of this plant 

should be investigated in view of modern agricultural and processing 

techniques. In addition, its potential as a hydrocarbon producer should 

also be assessed. . ., 

2 )  A. - -  ~peciosa -- Hydroca.rhon yields nf A .  speciosa cultivated on - 
irrigated, arid ,lands have not been very promising, to dare (section 6.5 

Yield). In fact, they have been even lower than the hydrocarbon yields 

of - E. larhyris on arid lands. Since - A. speciosa is not a native of ari 

lands and is no( well adapted to an arid environment, this plant should 

also be cultivated on temperate, marginal lands, and its hydro~~rbon 

yields assessed. 

3 )  A. - syriaca -- Little can be concluded from available data about the 
hydrocarbon yieid of - A. syriaca. Yields from this species should be 

determined for experimental plots on marginal soils in temperate lands. , 

We recommend that the commercial potential of the three species of milk- 

weed be further investigated. The following are some suggestions: 

1) Determine which of these plants.are most suitable for commercial 

cultivation on arid lands. 

2 )  Determine the genetic potential of incrdasing hydrocarbon and rubber 

yields. 

3). Determine disease reiistance of plant. 



4) Determine quality of the products. 

5) Determine whether other species of milkweed would be useful sources 
. . 

of germ plasm in breeding these species. 

6) Determine water requirements,' particularly, the water required per 

unit hydrocarbon pr~d~ced. 

1.4 Guayule 

A tremendous amount of research has been devoted to investigating 

guayule's potential as a source of domestic natural rubber. Much of this 

research occurred during World War I1 under the Emergency Rubber Project, 

which was initiated in response to the Japanese cutting off of 90 percent of 

U.S. rubber supplies from Southeast Asia. The report of Foster et al. (1979) 

provides an excellent account of the background of the development of guayule 

rubber research in the United states. 
. , 

I 

Natural rubber is still vital to ,U.S.. strategic interests. In fact, it 

has been identified as a critical and strategic material by the Federal Emer- 
gency Management Agency for the following reasons: 

1) Synthetic rubber cannot be substituted for natural rubber in many 

products (for example, airplane tires are almost 100 percent natural 

rubber). 

2) Hevea brasiliensis, the "rubber tree," is currently the source of 

all our natural rubber. This plant is extremely susceptible to .a fungus 

called the South American Leaf Blight. If .this fungus is ever intro- 

duced into Asia, which is the source of 94 percent of the world rubber 

exports (Grilli, 1979), the supply of natural rubber would be decimated. 

3) The United States currently imports all of its natural rubber. The 

major source countries are Malaysia, ~ndonesia, and Thailand; the poli- 

tical stability of 'these countries is questionable. 



I n  g e n e r a l ,  guayule appears  t o  have g r e a t  p o t e n t i a l  f o r  development a s  a 

commercial domestic source  of n a t u r a l  rubber.  The fo l lowing  d i scuss ion  sum- 

mar izes  some of t h e  p o s i t i v e  and nega t ive  a s p e c t s  of developing guayule a s  a 

commercial cr'op. 

The q u a l i t y  of guayule rubber v a r i e s ,  but s t r a i n s  can be s e l e c t e d  t h a t  

,produce a h igh-qual i ty  rubber .  Tes ts  have shown t h a t  guayule rubber is 

almost  equal  t o  Hevea rubber .  I n  a d d i t i o n ,  guayule i s  n a t i v e  t o  a r i d  reg ions  

and t o  t h e  southwest and t h e r e f o r e  is  w e l l  adapted t o  t h i s  d e s e r t  environ- 

ment. Most impor tan t ly ,  t h e  breeding p o t e n t i a l  of guayule is very encourag- 

 in^ ( s e c t i o n  7.14 Breeding P o t e n t i a l ) .  

Genet ic  v a r i a b i l i t y  Is high i n  t h e  n a t u r a l  populat ion.  

Guayule has s e v e r a l  c l o s e  r e l a t i v e s  wi th  which i t  r e a d i l y  hybrid- 

i z e s .  These s p e c i e s  a r e  a va luable  source of germ plasm. It may 

be p o s s i b l e  t o  o b t a i n  d e s i r a b l e  t r a i t s  such a s  d i sease  r e s i s t a n c e ,  

i nc reased  v i g o r ,  co ld  to l e rance ,  and d i r e c t  germination of seed i n  

t h e  f i e l d  from h y b r i d i z a t i o n  of guayule w i th  these  r e l a t i v e s .  

Guayule produces two k inds  of f lowers:  apomict ic  and sexual .  

Apomictic f l owers  a r e  asexual ;  they breed t r u e  f o r  t h e  materxlal 

genotype. S ince  t h i s  c h a r a c t e r i s t i c  can be induced i n  guayule 

p l a n t s  t h a t  produce mainly sexual  f lowers ,  once a s u p e r i o r  p l an t  i s  

developed, t h e  genotype can be f ixed  by inducing apomixis. 

Although t h e  breeding  p o t e n t i a l  of guayule is e x c e l l e n t ,  i t  w i l l  be a 

very  cha l lenging  and t ime consuming process .  One of t he  b igges t  problems . 

f aced  by t h e  guayule breeder  i s  t h a t  apomict ic  f lowers  a r e  extremely d i f f i -  

c u l t  t o  d i s t i n g u i s h  from sexua l  f lowets .  

Guayule produces rubber  i n  t h e  i n d i v i d u a l  c e l l s  of t he  p l a n t .  It cannot 

be tapped t o  o b t a i n  t h e  rubber;  i n s t e a d ,  t h e  e n t i r e  p l a n t  must be harves ted ,  

ground, and t h e  rubber  e x t r a c t e d  with a so lven t  o r  wi th  a water f l o t a t i o n  

process .  The p l a n t  is  a pe renn ia l  and w i l l  probably be harves ted  a f t e r  3 t o  

5 yea r s  of growth. 



  he' rubber  con ten t  of t h e  p l a n t  v a r i e s  f rom 8 t o  26 pe rcen t  of t h e  dry  

weight of t he  p l a n t  (Fos t e r  e t  a l . ,  1979): Most r e sea rche r s  expec t  t h a t  

p l a n t s  bred f o r  commercial product ion w i l l  have a t  l e a s t  a 20 percent  rubber 

conten t .  Reported y i e l d s  from exper imenta l  p l o t s  have va r i ed  from 146 t o  900 

pounds per  a c r e  per  year  ( s e c t i o n  7.5 Yie lds ) .  

I n  a d d i t i o n  t o  producing rubber ,  guayule  a l s o  i s  a source  of r e s i n s ,  

wax, and bagasse.  The va lue  of t h e  r e s i n s  and wax i s  unce r t a in :  Some 

r e s e a r c h e r s  c la im t h a t  they a r e  more va luab le  than  t h e  rubber ,  and o t h e r s  

c la im t h a t  t h e  c o s t  of e x t r a c t i n g  t h e s e  products  exceeds t h e i r  worth. The 

bagasse could be burned t o  produce steam o r  e l e c t r i c i t y  t o  run t h e  guayule 

process ing  p l a n t ,  it could be used t o  produce paper  ( i f  mixed wi th  wood 

pulp) ,  i t  may be p o s s i b l e  t o  process  i t  t o  make a l coho l ,  o r  it could be 

r e tu rned  t o  t h e  s o i l  t o  maintain s o i l  f e r t i l i t y . .  

Some problems wi th  t h e  development of guayule i nc lude  t h e  fo l lowing:  

1 )  Guayule i s  very f r o s t  s e n s i t i v e  and t h e r e f o r e  i t s  c u l t i v a t i o n  i s  

l i m i t e d  t o  t h e  extreme southwestern United S t a t e s .  

2 )  E f f o r t s  t o  germinate  guayule seed d i r e c t l y  i n  . t h e  f i e l d  have been 

unsuccess fu l .  

3) Guayule i s  s u s c e p t i b l e  t o  s e v e r a l  s o i l  pathogens,  a l though i t  may be , 

p o s s i b l e  t o  develop d i s e a s e  r e s i s t a n t  v a r i e t i e s .  

The economics of guayule rubber  a r e  promising ( s e c t i o n  7.19 Economic 

Analys i s ) .  A t  f u l l  s c a l e  product ion l e v e l s ,  i t  appears  t h a t  guayule would 

c u r r e n t l y  be economically f e a s i b l e .  However, guayule product ion is  n o t  cur- 

r e n t l y  a t  f u l l  s c a l e ,  and funds f o r  r e sea rch  and development and f o r  s t a r t - u p  

c o s t s  w i l l  be r equ i r ed  t o  reach f u l l  s c a l e  product ion.  S ince  rubber  is  a 

strategic add c r i t i c a l  resource ,  t h e  Fede ra l  Emergency Management Agency 

(FEMA) i s  cons ide r ing  t h e  funding of guayule r e sea rch  and development; fund- 

i ng  may inc lude  suppor t  of a p l an t ing  program. 



The energy sav ing  p o t e n t i a l  of guayule rubber  i s  not  s u b s t a n t i a l  (sec- 

t i o n  7.20 Energy Ana lys i s ) .  There is a small n e t  ga in  i f  byproduct r e s i n s ,  

pu lp ,  and l eaves  a r e  used f o r  f u e l  o r  petrochemical  feeds tock .  The major 

energy sav ings  a r e  due t o  t h e  increased  f u e l  economy and l i f e  of r a d i a l  

t i r e s ,  which r e q u i r e  a l a r g e r  percentage of n a t u r a l  rubber than  s y n t h e t i c  

rubber  t i r e s .  Therefore ,  t h e  l a r g e s t  energy impact of guayule rubber would 

occur  i f  t h e r e  i s  a s h o r t f a l l  i n  Hevea n a t u r a l -  rubber ,  and guayule rubber is  

used a s  a replacement f o r  s y n t h e t i c  rubber  (appendix 1) .  

We recommend t h a t  t h e  commercial development of guayule a s  a source of 

d o m e ~ t i c  n a t u r a l  rubber  be pursued, bu t  no t  t o  t h e  exc lus ion  of o t h e r  sources  

of rubber ,  p a r t i c u l a r l y  those  t h a t  may have a wider geographical  d i s t r i b u -  

elon.  

The most impor tan t  r e s e a r c h  a r e a s  i nc lude  the  fol lowing:  

1) F i e l d  germina t ion  of guayule seed. 

2 ) '  I nc reased  d i s e a s e  r e s i s t a n c e .  

3 )  Inc reased  co ld  to l e rance .  

1.5 Chrysothamnus nauseosus 

Most of t h e  d a t a  a v a i l a b l e  concerning t h i s  p l a n t  i s  from Hal l  and 

Goodspeed's 1919 r e p o r t  ( s e c t i o n  8.0 Rabbit  Brush).  These au tho r s  concluded 

t h a t  r a b b i t  brush w a s  very promising a s  a source of rubber ,  and they recom- 

mended t h a t  f u r t h e r  r e s e a r c h  be done. Despi te  t h e  f a c t  t h a t  rubber y i e l d s  of 

r a b b i t  brush a r e  lower t han  those  of g iayule ,  t h e  reasons t h a t  t h e s e  au tho r s  

c i t e d  f o r  cont inuing  t h i s  r e sea rch  a r e  s t i l l  v a l i d  today. 

Rabblc brursh Is tuuch l a r g e r  than guayule: It averages 6 pounds ( f r e s h  

weight of woody p a r t s  o n l y )  per  bush, and p l a n t s  of 40 pounds o r  more a r e  n o t  

uncommon, whi le  guayule averages 1.5 t o  3 pounds. Chrysothamnus nauseosus i s  



a l s o  much more co ld  t o l e r a n t  than  guayule and grows i n  a much wider geograph- 

i c a l  range.  It i s  more t o l e r a n t  of a l k a l i n e  s o i l s  than  guayule.  H a l l  and 

Goodspeed a l s o  s t a t e  t h a t  t h e  p l a n t  seed germinates  e a s i l y ' i n  t h e  f i e l d  

(guayule seed w i l l  no t  germinate  d i r e c t l y  i n  t h e  f i e l d )  and t h a t  t he  water  

requirements  a r e  lower and t h e  rubber  q u a l i t y  h ighe r  f o r  r a b b i t  brush than 

f o r  guayule.  These s t a t emen t s  were not  accompanied by d a t a  and should be 

researched  f u r t h e r .  

I n  summary, i f  a h igh  y i e l d i n g  s t r a i n  of Chrysothamnus nauseosus could 

be developed, i t  would have many advantages over guayule.  We recommend t h a t  

i t s  p o t e n t i a l  a s  a domest ic  source  of n a t u r a l  rubber  be i n v e s t i g a t e d  by 

determining t h e  fol lowing:  

1 )  The g e n e t i c  p o t e n t i a l  f o r  i n c r e a s i n g  the  rubber  con ten t  of t h i s  

p l a n t ,  

2 )  The agronomy of growing t h i s  p l a n t ,  

3 )  The d i s e a s e  r e s i s t a n c e  of t h e  p l a n t ,  and 

4 )  The water  e f f i c i e n c y  of t h e  p l a n t .  

1.6 Jo joba  

The jojoba pXant produces s eeds  t h a t  con ta in  a l i q u i d  wax ( s e c t i o n  9.0 

J o  joba) ,  which is  r e f e r r e d  t o  a s  jojoba oi.1. J o  joba o i l  is  a h igh  q u a l i t y  

l u b r i c a n t  t h a t  i s  s i m i l a r  t o  sperm o i l ,  and i t  comprises about  50 percent  of 

t h e  seed weight ( s e c t i o n  9.2 Qua l i t y  Parameters) .  Jo joba  o i l  can a l s o  be 

cracked i n t o  l i q u i d  f u e l  and chemical feeds tocks .  
I 

Jo joba  i s  a shrub  t h a t  i s  n a t i v e  t o  a r i d  reg ions  of t h e  southwest and i s  

wel l  adapted t o  t h i s  environment. However, i t  i s  even more s e n s i t i v e  t o  

f r o s t  damage than  guayule,  and i t s  range i s  t h e r e f o r e  l i m i t e d .  



The jojoba plant first produces seeds when 2 to.5 years old (section 9.4 

Life Cycle), and continues to produce seed for 100 to 250 years. Maximum 

seed production occurs in about 8 to 12 years. This long period before a 

crop is produced greatly increases start up costs. Because of the long life 

cycle of the plant, yields of mature plants from,experimental and commercial 

plots,are not yet known (section 9.5 Yields). Estimates for mature stands 

range from 1500 to 2250 pounds of oil per acre per year. Genetic variability 

appears to be high (section 9.13 Breeding Potential), but it is not known 

whether oil and seed yields can be increased without increasing water 

requirements. 

The, cultivation of jojobi shrubs is highly labor intensive. The lower 

branches of the plant tend to grow close to the ground. These branches must 

be tied in an upright position or removed in order to harvest the seeds. 

Mechanical harvesting methods have'not been perfected, and much of the 

harvesting is currently done by hand. Further, male and female flowers occur 

on separate plants. Since fewer male flowers are required than female (a few 

male flowers can produce .enough pollen to fertilize many female flowers), the 

excess male plants must be rogued from the field and replaced by female 

plant so 

Jojoba oil is a premium product (section 9.15 Economic Analysis), and 

given current yields and coats, it will remain a premium product. Its prin- 

cipal uses are and probably will continue to be in cosmetics, pharmaceuti- 

cals, and as a high quality additive to motor oils and lubricants. Given that 

jojoba is a highly labor intensive crop and that the areas in which it can be 

cultivated are limited, oil costs will probably remain high. Therefore, , 

barring a catastrophic oil price increase (to at least $150 per barrel), 

there is little likelihood that jojoba will be used as a fuel or petrochemi- 

cal feedstock in the foreseeable future. 

In addition, jojoba is being commercially developed by the private 

sector. About 10,000 acres are planted and a rap{-d expansion is planned. 

The Federal Emergency Management Agency may be interested in jojoba oil as a 

critical and strategic material, but it is not known whether or not they will 

provide funding. 



The following are our recommindations for commercially developing 

jo joba: 

1) Develop a plant that is adapted to mechanized cultivation and 

harvesting, 

2) Increase disease resistance by selecting for disease resistant 

strains, 

3) Increase cold tolerance by selecting for cold tolerant strains, and 

4) ,Develop and improve agronomy techniques to facilita'te harvesting and 

to optimize yields. 

1.7 Meadow Foam 

l'here is not enough information on Limnanthes - alba (section 10.0 Meadow 

Foam) to assess . . its economic or technical potential as a source of seed oil. 

We recommend that yields be obtained from areas in which it could be.poten- 

tially cultivated. We also recommend that more extensive chemical analyses 

of this.oi1 be conducted to determine its worth as an industrial lubricant. 

1.8 Other Hydrocarbon Producing Plants 

Many.other plants have been analyzed to determine their hydrocarbon con- 

tent; however, there is insufficient data available to do even a preliminary 

assessment of these plants (section 11.0 Other Hydrocarbon Producing Plants). 

We recommend that a variety of other plants be investigated as potential 

sources of hydrocarbon and rubber before substantial resources are committed 

to the development of any one plant. 



1.9 Institutional Barriers 

It has been proposed in the literature (Johnson and Hinman, 1980) that 8 

to 12 million hectares (20 to 30 million acres) of semi-arid or arid land, 

most of which has never been cultivated, is suitable for growing energy 

crops. Therefore, we have examined some of the major institutional barriers 

that may be encountered by developers of presently uncultivated landin the 

southwest. 

From our assessment of available data of hydrocarbon and rubber produc- 

ing plants (Part A), we are not convinced that the cultivation of any of 

these energy crops on arid lands will be possible without irrigation. In 

addition, it is our opinion that the problems arising from the lack of water 

and the rights to water supplies in the southwest will prevent any large- 

scale development of presently uncultivated lands. 
. . 

1.10 Institutional Barriers - Recommendations 

Our analysis of the water situation in *the southwestern United States 

(which included consideration of three recent' reports: l Arizona Water 

Commission, 1977; U. S. Water Resources Council, 1978; Congressional 

Research Service, 1980) indicates that the cultivation of large amounts of 

unfarmed arid land in the southwest would be unlikely. This conclusion is 

based on the following facts: 

All of the desert and semi-arid plants examined to date require 

some irrigation for large-scale cultivation, especially when 

initially establishing the plant (Patt A). 

labbreviated AWC in remainder of discussion 
2abbreviated WRC in remainder of discussion 
3abbreviated CRS in remainder of discussion 



Dryland farming of these plants in the southwest is unproven; in 

any case, it is clear that yields from unirrigated crops in arid 

lands would be greatly reduced. 

Most hydrocarbon or rubber producing plants require 15 to 24 inches 

of rainfall per' year; therefore, some irrigation will be necessary 

to grow them in the southwest. 

Water supplies are extremely limited in the southwest. For 

example, in Arizona, groundwater provides most of the water for 

irrigation, and these supplies are being depleted at the rate of 

2.2 million acre-feet (maf) per year. 

As a result of scarce supplies, water use is highly restricted in 

the southwest (see appendix A at the end of Part B). 

Therefore, given that the gross annual water requirements of native 

desert plants are lower than Those of traditional crop plants*, and that 

water resources are extremely limited in the southwestern United States (see 

section 2.0, Part B), we conclude that arid-land crops will be grown pri- 

marily as replacement crops. That is, they will be grown on lands that 

otherwise would have gone out of production because they were no longer 

economic for traditional crops. There may be one exception to this con- 

clusion. Some arid-land crops may be more tolerant of saline irrigation 

water and salinized soils than traditional crops, and therefore, grown on 

. urgiual lclr~rls with lower quality irrigation water. 

Hydrocarbon and rubber are not the only products that can be derived 

from desert plants. For example, Karpiscak et al. (1980) have suggested that 

Salsola kali L. (Russian thistle or tumbleweed) be developed for arid lands 

as a source of burnable biomass. Other desert plants that have been inves- 

tigated for their value as forage plants, such as Artemisia, Atriplex, 

Ceanothus, Ceratonia, Dalbergia, Eurotia, Lucaena, Lupinus, Morginga, 

*In Pinal County, Arizona, cotton consumes 40 inches of water year and 
alfalfa, 70 inches (AWC, 1977). 

1 



Prosopis, Pureria, Quercus, Salix, Sesbania, Sutherlandia, and Opuntia 

(Goodin and McKell, 1971), may have some yet undiscovered value as an energy 

crop for either burnable 'biomass or bioconversion to alcohol. 

Therefore, we recommend that a net energy to water efficiency -- that 
is, the ratio of net Btu's produced to the amount of water consumed -- be 
experimentally determined for each potential arid crop species. This effi- 

ciency, together with the economic value of the energy product, would greatly 

aid in assessing the potential of all kinds of energy crops for arid lands. 

In some cases, the economic value of the product may be weighted more heavily 

.than the net energy to water efficiency. For example, since rubber is con- 

sidered a strategic an8 critical resource, its economic value is at a pre- 

mium, and rubber-producing plants might be grown instead of plants that have 

a higher net energy to water efficiency, but produce less valuable products. 
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2.0 Gopher P l an t :  Euphorbia l a t h y r i s  (Euphorbiaceae) 

2.1 Products  

. . 
Euphorbia l a t h y r i s  produces hydrocarbons, most of which a r e  l o c a t e d  i n  

t h e  l e a f  t i s s u e .  These hydrocarbon products  a r e  i soprenoids :  Tetra-  and . 
pen tacyc l i c  t r i t e r p e n o i d s  f u n c t i o n a l i z e d  a s  a l coho l s ,  ke tones ,  o r  f a t t y  a c i d  

es te rs . (Nemethy  e t  a l . ,  1980b). Most a r e  C30 compounds wi th  molecular  

weights  of  400 t o  500, and they  account f o r  an average of  5%" of t h e  d r y  

. weigh t ' o f  t he  p l a n t  (Nemethy e t  a l . ,  1980b; McLaughlin and Peoples ,  pe r sona l  

communication). 

Twenty percent  of t h e  dry  weight of t h e  p l a n t  is  s imple suga r s ,  o r  

hexbses, which can be fermented t o  a l coho l  by us ing  Montrachet y e a s t  

(Nemethy, 1980a and 1980b). The remainder of t h e  p l an t  i s  bagasse,  which can 

be used t o  produce steam. 

1 

Two .cocarcinogens,  o r  carc inogenic  promoters,  a r e  a l s o  produced i n  small  

q u a n t i t i e s  by t h e  p l an t :  ingenol  and phorbal  esters. Both of t h e s e  com- 

pounds a r e  d e a c t i v a t e d  by a i r -ox ida t ion ,  h e a t ,  a c i d ,  and a l k a l i  (Kohan and 

Wilhelm, 1980). 

k ~ h e r e  is some d iscrepancy  i n  t h e  l i t e r a t u r e  a s  t o  what c o n s t i t u t e s  t h e  
"hydrocarbon" f r a c t i o n  of t he  p l a n t .  Researchers  a t  t h e  Un ive r s i t y  of  
Arizona r e p o r t  t h e  hydrocarbon f r a c t i o n  as being t h a t  po r t i on  of t h e  p l a n t  
t h a t  can be e x t r a c t e d  wi th  hexane ( o r  heptane o r  cyclohexane) p l u s  t h e  
f r a c t i o n  t h a t  i s  e x t r a c t e d  with e thano l .  Un ive r s i t y  of C a l i f o r n i a  
r e s e a r c h e r s  g e n e r a l l y  on ly  c i t e  t h e  hexane e x t r a c t i o n  when r e f e r r i n g  t o  
hydrocarbon con ten t .  Throughout t h i s  r e p o r t ,  we have adopted t h e  l a t t e r  
cnnv~ntfan. (Refer t o  Quality Parometcro occ t ion  f o r  an explana t ion . )  

Therefore ,  when d i s c u s s i n g  t h e  Un ive r s i t y  of  Ar izona ' s  r e s u l t s ,  we have 
not used t h e i r  r epo r t ed  va lues  f o r  percent  hydrocarbon. In s t ead ,  w e  mul t i -  
p l i e d  t h e i r  d ry  p l a n t  weight  y i e l d s  by 5% t o  o b t a i n  percent  hydrocarbon va l -  
ues. 



2.2 L i f e  Cycle 

E. l a t h y r i s  can  bc grown a s  an annual ,  b i e n n i a l ,  o r  pe renn ia l ,  depending - 
on t h e  c l i m a t e  i n  which i t  i s  grown. There i s  no c h i l l i n g  requirement f o r  

t h e  seed;  r i p e ,  one year  o l d  seed should be used (Sachs, 1980).  Flowering i s  

induced by co ld  tempera tures ;  p l a n t s  w i l l  f lower i f  subjec ted  t o  temperatures  

below 50°F f o r  twelve weeks (Sachs and Mock, 1980; Sachs, 1980).  Seed w i l l  

no t  germinate  a t  l e s s  t h a n  5 4 " ~ .  It germinates  b e s t  when temperatures  a r e  a t  

l e a s t  79°F . ( ~ a c h s ,  1980).  

. . 
I n  temperate  c l ima te s ,  such a s  nor thern  Cali .fornia; two d i f f e r e n t  grow- 

i n g  s t r a t e g i e s  are followed t h a t  depend upon whether seed o r  hydrocarbon i s  

t o  be produced. For seed product ion,  t h e  p l a n t  is  t r e a t e d  a s  a b i enn ia l :  It 

is sown i n  t h e  f a l l ,  and seed is  harves ted  i n  t h e  sp r ing .  For hydrocarbon 

product ion ,  t h e  p l a n t s  cannot  be sown i n  t h e  f a l l  because they w i l l  f lower  i n  

t h e  sp r ing .  Once t h e  p l an t  f lowers ,  i t  produces l i t t l e  of both biomass and 

hydrocarbon (Sachs, 1980). Nemethy e t  a l .  (1980b) sugges t  p l an t ing  i n  e a r l y  

s p r i n g  and h a r v e s t i n g  i n  November o r  December. 

I n  a r i d  c l i m a t e s ,  such a s  Arizona (and the . southwes t  i n  g e n e r a l ) ,  - E. 
l a t h y r i s  can only be p l an ted  a s  a w in te r  crop because i t  cannot wi ths tand  t h e  

s o i l  pathogens p re sen t  i n  t h e  bummer. l e  i$ ehe re fo re  sown i n  Seprember or 

October and ha rves t ed  i n  A p r i l ,  May, o r . J u n e  ( J .  Johnson and McLaughlin, 

personal  dammunications). 

Euphorbia l a t h y r i s  i s  about 70% water  (Sachs, personal  communication). 

Therefore,  d ry ing  t h e  plafit  could r e q u i r e  a major energy and economic Inpu t .  

Curren t  p r a c t i c e  i s  t o  f i e l d  dry  t h e  m a t e r i a l  (2  t o  4 weeks) and then  oven- 

d r y  i t  a t  70°C f o r  48 hours  (Sachs, personal  communication, and Nemethy e t  

a l . ,  1900a).  I t  may be p o s s i b l e  t o  u s e  a c c e l a r a t c d  drying mcthodo dcvcloped 

f o r  f i e l d  dry ing  g rapes  (anonymous, 1980d). For example, a water  emulsion 

spray  of a vege tab le  o i 1 , d e r i v a t i v e  has been t e s t e d  on grapes.  The spray 

a l t e r s  t h e  o u t e r  waxy l a y e r  of t h e  grapes and a l lows  t h e  i n t e r n a l  moisture t o  

. escape f a s t e r .  I n  a d d i t i o n ,  s e v e r a l  t ypes  .of inexpensive s o l a r  c o l l e c t o r s  
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have been used t o  dry  g rapes  (anonymous, 1980d). - E. l a t h y r i s  a l s o  h a s  a  waxy 

outer  l a y e r  t h a t  prevents '  i n t e r n a l  mois ture  from escaping.  

Af t e r  d ry ing ,  t h e  p l a n t s  a r e  t hen  ground t o  a  coa r se  powder wi th  p a r t i -  

c l e s  about 2  mm i n  s i z e  (Sachs and Mock, 1980; Nemethy e t  a l . ,  1980a).  To 

ob ta in  t h e  hydrocarbon f r a c t i o n ,  t h e  p l a n t s  a r e  e x t r a c t e d  i n  a  non-polar so l -  

ven t  such a s  hexane, heptane,  o r  cyclohexane, f o r  8  hours (Nemethy e t  a l . ,  

1980a and 1980b; Sachs,  1980). Th i s  e x t r a c t i o n  is followed by e x t r a c t i o n  

with a  po l a r  s o l v e n t ,  s u c h , a s  e thano l  o r  methanol, which c h a r a c t e r i s t i c a l l y  

d i s s o l v e s  sugars  and o t h e r  water-soluble  carbohydrates  (Skchs,  1980). Ace- 

tone i s  used by some ' researchers  i n s t e a d  of hexane, but  ace tone  a l s o  d i s -  

so lves  some' of t h e  sugars  and water  so lub l e  carbbhydra tes  (Sachs,  1980).  

Two poss ib l e  e x t r a c t i o n  schemes a r e  shown i n  f i g u r e s  2-1 and 2-2. The 

f i r s t  i s  used by t h e  Un ive r s i t y  of Arizona, and t h e  second by t h e  Un ive r s i t y  

of C a l i f o r n i a .  
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2.4 Q u a l i t y  'parameters  

To our  knowledge, on ly  Mobil Research and Development Corporat ion has  

cracked t h e  crude hydrocarbon of - E. l a t h y r i s .  Therefore ,  on ly  t h i s  process  

i s  d i s c u s s e d ,  a l t hough  o t h e r  processes  may be as .  good o r  b e t t e r  f o r  c rack ing  

t h i s  crude.  

Mobil cracked t h e  ace tone  e x t r a c t a b l e  crude o i l  (which accounts  f o r  6% 

o f  , t h e  d ry  p l a n t  weight )  on a  zeol i te-charged f  l 'u id  bed a t  500°C (Hinman e t  

a l . ,  1980).  T h i s  c rude  is  equ iva l en t  t o  f r a c t i o n  I and p a r t  of f r a c t i o n  11 

of t h e  heptane/methanol extraction scheme used by the U u i v e r s l e y  of Call fnr- 

n i a ,  Berkeley,  and d e p i c t e d  i n  t h e  Process ing /Ref in ing  s e c t i o n  of t h i s  
,> 

paper .  

F r a c t i o n  I1 c o n s i s t s  mainly of  carbohydra' tes.  Most of t h e s e  carbohy- 

d r a t e s  a r e  conver ted  i n t o  C02 and H20 when cracked by t h e  c a t a l y s t .  A 

s m a l l  f r a c t i o n ,  however, i s  cracked i n t o  hydrocarbons. Mobil (Weisz e t  a l . ,  

1980) found t h a t  t h e  fo l l owing  products  were produced from cracking:  

Ethylene 

P r u p y l e ~ ~ e  

Toluenes 

Xylenes 

Fue l  O i l  
LPG 

Butylene 

Coke 

Benzenes 

Benzenes, t o l u e n e s ,  and xylenes  (BTX) a r e  a l l  va luab le  f o r  g a s o l i n e  

blending.  Ethylene,  propylene,  and BTX a r e  a l l  va luab le  chemical f eeds tocks .  

Our c a l c u l a t i o n s ,  which assume t h e  coke produced i s  used t o  f u r n i s h  process  

h e a t ,  i n d i c a t e  an  economic va lue  of 125% t o  140%' t h a t  of a  b a r r e l  of 
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petroleum crude.  This  f i nd ing  conforms wi th  Hinman et  a l .  (1980),  who found 

it to  be 25% more va luab le  than crude.  The p r i c e  premium r e s u l t s  from t h e  

much h igher  propor t ion  of BTX and o l e f i n s  i n  t h e  ou tput .  

Various Btu va lues  have been r epo r t ed  f o r  t h e  heptane (hexane and cyclo- 

hexane can a l s o  be used) e x t r a c t  o f '  - E. l a t h y r i s ,  i nc lud ing  16,500 t o  17,800 

B t u l l b  (Kohan and Wilhelm, 1980; Calvin,  1978a; Peoples  and Johnson, 1980; 

Nemethy et a l . ,  1980a). I n  comparison, t h e  Btu con ten t  of petroleum crude  i s  

about 19,000 Btu / lb  (Nemethy e t  a l . ,  1980b). 

The heptane e x t r a c t i o n  is  followed .by e i t h e r  an e thano l  e x t r a c t i o n  o r  a  

methanol e x t r a c t i o n  ( s e e  Process  i n g / ~ e f  i n i n g  seckion)  . The e t  hanollmet hanol  

e x t r a c t  has  a  much lower Btu con ten t  than t h e  heptane e x t r a c t ,  and. much of i t  

c o n s i s t s  of s imple suga r s  (Nemethy et a l . ,  1980b). Therefore ,  we w i l l  r e f e r  

' only t o  t h e  heptane (hexane o r  cyclohexane) e x t r a c t  when r e f e r r i n g  t o  t h e  

hydrocarbon con ten t  of - E. l a t h y r i s .  Mobil has  not  cracked t h e  e thano l  

e x t r a c t  on the  z e o l i t e  c a t a l y s t .  

Yie lds  

Reported dry-plant y i e l d s  appear t o  be  very  d i f f e r e n t  f o r  - E. l a t h y r i s  

grown i n  C a l i f o r n i a  (Sachs,-Nemethy, and Calv in)  and f o r  - E. l a t h y r i s  grown i n  

Arizona (Peoples ,  Johnson, McLaughlin, Hoffman and Hinman), a s  evidenced by 

t a b l e  2-2 of r e s u l t s .  

Note t h a t  i n  p l o t s  having about  t h e  same p l a n t  d e n s i t y  ( r e f e r  t o  t h e  two 

Davis p l o t s  with 52,000 p l a n t s  per  a c r e  and t h e  Arizona p l o t  w i th  53,000 

p l a n t s  per  a c r e ) ,  t h e  u n i r r i g a t e d  Davis p l o t  y i e lded  2 t o  3 tons  more biomass 

than t h e  Arizona p l o t ,  which was i r r i g a t e d .  

There are  many poss ib l e  reasons f o r  t h e s e  wide d i f f e r e n c e s .  However, 

t h e  most s i g n i f i c a n t  d i f f e r e n c e  i s  probably t h e  a r i d  c l ima te  of Arizona: E. - 
l a t h y r i s  does no t  appear t o  be w e l l  adapted t o  t h i s  environment. Other 

parameters t h a t  caused d i f f e r e n c e s  i n  t h e  y i e l d  d a t a  a r e  probably no t  a s  

s i g n i f i c a n t .  



Table 2-1. Reported Hydrocarbon Yie lds  

For example, Sachs and Peoples  grew d i f f e r e n t  eco types  of - E. l a t h y r i s .  Sachs 

p l an t ed  t h e  no r the rn  C a l i f o r n i a  c u l t  i v a r ,  which i s  more co ld  t o l e r a n t  t han  

t h e  southern  c u l t i v a r  p l an t ed  by Peoples  and Johnson (1980). Sachs and 

Peoples  a l s o  used very  d i f f e r e n t  agronomy p r a c t i c e s  (pe r sona l  communication), 

a l though t h e  t o t a l  water  rece ived  by t h e  i r r i g a t e d  p l o t s  was about  20 inches  

(51  cm). I n  Davis,  Sachs grew p l a n t s  about 3 t o  4 i nches  (7.7 t o  10.3 cm) 

a p a r t  w i t h i n  a row, wi th  about  30 inches  (77 cm) between rows (Low, persona l  

communication). Peoples  grew t h e  p l a n t s  i n  15-inch wide beds, which had two 

rows of p l a n t s  i n  each  bed. These rows,were 10  inches  (26 cm) a p a r t ,  and t h e  

p l a n t s  were grown 1 i n c h  (2.6 cm) a p a r t  w i t h i n  a row. Beds were 25 inches  

(64 cm.) a p a r t  t o  a l l ow  f o r  furrow i r r i g a t i o n .  Therefore ,  t h e  Davis p l o t  

c o n t a i n i n g  52,000 p l a n t s  per  a c r e  was a c t u a l l y  much less dense ly  p lan ted  than  

S i t e  
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t h e  Arizona p l o t ,  which contained 53,000 p l a n t s  per  ac re .  Peoples  b e l i e v e s  

t h a t  t h e  optimum d e n s i t y  f o r  Arizona has  no t  been a t t a i n e d ,  and he p lans  t o  

double t h e  maximum d e n s i t y  t o  420,000 p l a n t s  per  ac re .  

Yie ld  i s  h ighly .dependent  on a v a i l a b l e  g e n e t i c  s t o c k  f o r  a  p a r t i c u l a r  

a r e a .  S ince  - E. l a t h y r i s  is  a  temperate  weed and i s  not an a r i d  p l a n t  

(Peoples  and Johnson, 1980; Hinman e t  a l . ,  1980),  i t  i s  not  s u r p r i s i n g  t h a t  

a v a i l a b l e  genotypes a r e  n o t  w e l l  adapted t o  t h e  Arizona clsmate.  Before t h i s  

can be determined, more s t anda rd i zed ,  r e p l i c a t e d i  experiments  w i l l  need t o  be 

conducted t o  determine p r e c i s e  y i e l d s  under v a r i o u s  cond i t i ons .  

2.6 Temperature 

E .  l a t h y r i s  appears  t o  be very  t o l e r a n t  t o  a  wide range of temperatures .  - 
According t o  S h e t l e r  and Skog (1978),  i t  grows i n  western and e a s t e r n  Canada, 

and from Maine t o  V i rg in i a ,  and i n  t h e  southwestern United S t a t e s ,  i nc lud ing  

Ca l i fo rn i a .  

2.7 Agronomy 

Seed beds a r e  prepared by one o r  two d i sc ings .  Raised beds should be 

used t o  ensure . rap id  dra inage  (Sachs and Mock, 1980). 

I u  C a l i f o r n i a ,  seed should be p lan ted  i n  e a r l y  s p r i n g  when t h e  s o i l  tem- 

pe ra tu re  a t  4 i nches  (10 cm) i s  a t  l e a s t  54°F. Seedl ings  w i l l  emerge i n  two 

weeks (Sachs and Mock, 1980). 

I n  Arizona, Peoples and Johnson (1980) suggest  p l a n t i n g  seed when t h e  

d a i l y  s o i l  temperature  is  61" t o  79°F f o r  f o u r  days. They r e p o r t  70% ger-  

mination; p l a n t s  emerge i n  10 t o  14 days,  and they  recommend.planting i n  t h e  

f a l l  (October)  and ha rves t i ng  i n  t h e  w i n t e r  o r  sp r ing  t o  avoid t h e  s o i l  path- 

ogens presen t  i n  t h e  summer.  



2.8 I r r i g a t i o n  

Sachs and Mock (1980) recommend row and furrow i r r i g a t i o n  f o r  E. l a thy -  - -  
ris. Flood i r r i g a t i o n  is  no t  recommended because i t  may i n c r e a s e  i n f e c t i o n  - 
by Pythium - sp. (Sachs and Mock, 1980). S p r i n k l e r  i r r i g a t i o n  has  a l s o  been 

s u c c e s s f u l l y  used (Sachs e t  al. ,  1981). 

The d a t a  a r e  n o t  conc lus ive  a s  t o  t h e  optimum amount and t iming of irri- 

g a t i o n ;  i t  w i l l  probably va ry ,  .depending on w h i c h c u l t i v a r  is  used, where i t  

i s  grown, and whether it i s  grown a s  a  w in t e r  c rop  o r  summer crop. 

Genera l ly ,  20 t o  24 i nches  (51  t o  62. cm) of t o t a l  water i s  cons idered  

neces sa ry  f o r  s u f f i c i e n t  biomass product ion of - E. l a t h y r i s .  According t o  

McLaughlin (pe r sona l  communication), water stress may i n c r e a s e  t h e  percent  

hydrocarbon conten t .  Some of the  p l a n t s  a t  Davis (Sachs,  pe r sona l  communi- 

c a t i o n )  rece ived  no water a f t e r  t h e  i n i t i a l  i r r i g a t i o n  i n  t h e  s p r i n g  t o  

e s t a b l i s h  the  p l a n t .  These p l a n t s  were s t i l l  a l i v e  a s  of November, a l though 

they  were one- th i rd  t h e  s i z e  of i r r i g a t e d  p l a n t s .  

2.9 S o i l  Reauirements 

E u p h o r b i a . l a t h y r i s  should be grown on wel l -drained s o i l  (Sachs and Moch, 

S o i l  s o d i c i t y  (sodium i o n  concen t r a t i on )  va lues  lower t han  700 ppm had 

no e f f e c t  on germina t ion  (Hinman e t  a l . ,  1980),  a l though a  s o d i c i t y  of 1200 

ppm reduced germinat ion by 50%. 
I 

2.10 F e r t i l i z e r s  

There are no t  enough 'da ta  a v a i l a b l e  on n u t r i e n t  requirements  t o  de t e r -  

mine t h e  amount of f e r t i l i z e r  t h a t  w i l l  6e r equ i r ed  t o  grow t h e s e  p l a n t s  corn- 

m e r c i a l l y .  Fu r the r ,  t h e  d a t a  t h a t  a r e  a v a i l a b l e  are c o n f l i c t i n g .  



Peoples and Johnson (1980) reported an increase in biomass in response 

to phosphorus; they did not find a positive response to nitrogen. Hinman et 

al.? (1980) report that high nitrogen levels may act&ally inhibit dry matter 

Sachs and Mock (1980) have taken the opposite viewpoint. They recommend 

applying 100 pounds (45 kg) of nitrogen per acre under the assumption that 

nitrogen promotes leaf development, and 

' the leaves contain the highest percentage of latex. 

Therefore, they believe nitrogen will increase latex yields. 

However, none of these researchers have substantiated their results by 

reporting the experimental conditions, such as sample size, variance of 

response, and in some cases, level of treatment. 

No pesticides or herbicides are commercially registered for use on - E. 
lathyris. 

Sachs has lost some plants that were infected with Pythium sp., a water - 
borne fungus. Seedlings can be protected by dusting seeds with Dexon, a 

,commercial fungicide (Sachs, 1980, Sachs and Mock, 1980). 

In Arizona plantings, three soil pathogens have been identified from 

infected plants: Rhizotonia solani, Macrophomina phaseolina, and Pythium 

aphandermatum. Planting crops in the fall and harvesting in the spring 

avoids infection from these fungi (Peoples and Johnson, 1980). 



No pre-emergent h e r b i c i d e s  have been t e s t e d  on E. l a t h y r i s .  Sachs and - 
Mock (1980) have spot-sprayed con tac t  h e r b i c i d e s  t h a t  w i l l  damage E. l a t h y r i s  - 
i f  sprayed on the  p l a n t .  He rb i c ides  a r e  needed because E. l a t h y r i s  does not  - 
grow fast and is e a s i l y  shaded out  by weeds. 

' 

Peoples  and ~ b h n s o n  ( p e r s o n a l  communication) hope t o  g r e a t l y  reduce t h e  

need f o r  h e r b i c i d e s  by dense ly  p l a n t i n g  E. l a t h y r i s  over  t he  e n t i r e  a v a i l a b l e  - 
s u r f  a c e  a r e a .  

1 

2.12 Geographic Range 

E .  l a t h y r i s  i s  a n a t i v e  of t h e  Mediterraneap reg ion .  According t o  - 
~ a i l e ~  (1949), E. l a t h y r i s  i s  n a t u r a l i z e d  i n  t h e  Eas t e rn  United S t a t e s  and i n  - 
C a l i f o r n i a  . 

2.13 Breeding P o t e n t i a l  

The average hydrocarbon con ten t  o f  E. .l_athyri-s i s  r e l ? ~ r f o d  t o  be 5% on a - - 
d r y  weight b a s i s  (Nemethy e t  a l . ,  1980a and 1980b; ~ a c h s  1980a; McLaughlin 

and Peoples ,  pe r sona l  communication). With s e l e c t i v e  breeding,  t h i s  percent  

c.ould probably be i nc reased ,  but  it is  not known by how much. ' 

The h ighes t  percent  hydrocarbon (of samples from approximately 2,500 

p l a n t s )  found by t h e  U n i v e r s i t y  of C a l i f o r n i a ,  Davis, was 7% (Low, persona l  

communication). Ten pe rcen t  i s  t h e  h ighes t  percent  hydrocarbon found by t h e  

U n i v e r s i t y  o f  Arizona, Tucson, i n  t h e  green t i s s u e s  of a p l a n t  t h a t  had not  

f lowered (McLaughlin, pe r sona l  communication). One p l a n t  wi th  a 16% hydro- 

carbon c o n t e n t  was found by t h e  Un ive r s i t y  of  Arizona, Tucson (McLaughlin, 

p e r s o n a l  communication), but  t h i s  p l a n t  had gone t o  seed  and was senescent .  

It is  not  known whether t h i s  high hydrocarbon percent  represGnts  a t r u e  t o t a l  

hy,drocarbon i n c r e a s e  o r  merely t he  f a c t  t h a t  biomass was dec reas ing  while  

hydrocarbon con ten t  remained t h e  same. I n  a d d i t i o n ,  t h e  q u a l i t y  of t h e  



t 
hydrocarbon present  i n  t h e  seeds i s  not.known. Un ive r s i t y  of Arizona 

r e sea rche r s  would not' s t a t e  t h e  number of p l a n t s  sampled i n  ob ta in ing  t h e s e  

values.  

The prospec ts  f o r  i nc reas ing  the hydrocarbon content  of E.  l a t h y r i s  - 
s o l e l y  through s e l e c t i o n  a r e  unknown. It i s  poss ib l e  t h a t  hydrocarbon con- 

t e n t  could be increased  above t h a t  found i n  any p l a n t s  t o  d a t e ,  but  t h e r e  i s  

no da t a  t o  support  o r '  nega te  t h e i r  hypothes is .  

Sachs e t  a l .  (1981) s t a t e s  t h a t  because t h e  n a t u r a l  g e n e t i c  v a r i a b i l i t y  

found i n  t h i s  s p e c i e s  i s  ',low (5  t o  6% hexane e x t r a c t a b l e s ) ,  and hydrocarbon 

l e v e l s  i n  o t h e r  genera a r e  c h a r a c t e r i s t i c a l l y  low, t h a t  t h e r e  may 'be physi- 

o l o g i c a l l y  determined upper l i m i t s  f o r  whole p l an t  hydrocarbons. This  may be 

t r u e  f o r  - E. l a t h y r i s ,  however, Hevea i s  an example of a hydrocarbon-producing 

p l a n t  t h a t  has been ex tens ive ly  bred f o r  genetic;improvement.  Breeding of 

Hevea t o  i nc rease  hydrocarbon y i e l d  ( t h a t  i s ,  rubber y i e ld9  has been very 

succes s fu l  ( Imle,  1978).  Hevea p l a n t s  have been developed wi th  much higher  

y i e l d s  than  t h a t  of t h e  o r i g i n a l  (unimproved) g e n e t i c  pool. Both Hevea and 

E. l a t h y r i s  a r e  i n  t he  same family -- t he  Euphqrbiaceae. - 

I n  a d d i t i o n  t o  t r a d i t i o n a l  breeding methods, s e v e r a l  r e sea rche r s  and 

companies have p lans  t o  i nc rease  the  hydrocarbon.content  of Euphorbia la thy-  

ris by us ing  g e n e t i c  engineering methods. - 

The l a c k  ,of g e n e t i c  r e s i s t a n c e  t o  s o i l  pathogens be a g r e a t e r .  

obs t ac l e  t o  developing a commercially v i a b l e  E. l a t h y r i s  p l a n t  than  i t s  low - 
hydrocarbon con ten t .  According t o  Alder (pe r sona l  communication), E.' - 
l a t h y r i s  has  been a t t acked  by s o i l  pathogens everywhere i t  has been p lan ted .  

Unless a d i s e a s e  r e s i s t a n t  v a r i e t y  can be developed, t h i s  p l an t  wil1,prob;ably 

never ga in  commercial s t a t u s .  

2 .14  Breeding Goals 

Two goa l s  a r e  foremost i n  the  breeding of Euphorbia l a t h y r i s :  To 

inc rease  the  hydrocarbon y i e l d  of t h e  p l a n t ,  and t o  i nc rease  i t s  d i s e a s e  

r e s i s t a n c e .  .Other breeding goa l s .  would depend'  upon the  reg ion  i n  which 



Euphorbia  i s  grown. For example, i f  c u l t i v a t i o n  on d e s e r t  s o i l s  i s  pursued,  

a  p l a n t  t h a t  i s  a d a p t e d  t o  t h i s  envir0nmen.t must be developed.  F i n a l l y ,  

f u t u r e  b r e e d i n g  g o a l s  may i n c l u d e  deve lop ing  a  p l a n t  t h a t  produces a  more 

homogenous, h i g h e r  q u a l i t y  hydrocarbon.  

3 

2.15 Environmental  Impac t s  

The l a t e x  and  s e e d  o i l s  of - E.  l a t h y r i s  c o n t a i n  i n g e n o l  and p h o r b a l  

e s t e r s ,  which a r e  c a r c i n o g e n i c  promoters  and i r r i t a n t s  (Kohan and WSlhelm, 

1980) .  According t o  Nemethy e t  a l .  (1980b),  t h e s e  s u b s t a n c e s  a r e  minor 

components ( a b o u t  0.1%) of  - E. l a t h y r i s .  

N e v e r t h e l e s s ,  s p e c i a l  h a n d l i n g  p rocedures  would p robab ly  be r e q u i r e d  i n  

o r d e r  t o  comply w i t h  O c c u p a t i o n a l  S a f e t y  and H e a l t h  A d m i n i s t r a t i o n  r e g u l a -  

t i o n s .  These h a n d l i n g  p rocedures  w i l l  probably  n o t  be a  s i g n i f i c a n t  o b s t a c l e  

t o  t h e  development of t h i s  t echnology  because  

These promoters  a r e  e a s i l y  d e a c t i v a t e d  by a i r  o x i d a t i o n ,  h e a t ,  

a c i d ,  and a l k a l i  (Kohan and Wilhelm, 1980). 

They a r e  n o t  s t r o n g  promoters ,  and t h e y  a r e  found i n  s m a l l  q u a n t i -  

t i e s  i n  t h e  p l a n t  (Nemethy e t  a l . ,  1980b).  

2 . 1 6  Economics 

The hydrocarbon f r a c t i o n  o f  - E.  l a t h y r i s  i s  a premium produc t .  When 

r e f i n e d ,  i t  y i e l d s ' l a r g e  p r o p o r t i o n s  of h igh-pr iced o l e f i n s  and benzenes .  

T a b l e  2-2 shows r e c e n t  p r i c e s  of pe t rochemica l s  (which,  excep t  f o r  s t y r e n e ,  

a r e  r e a d i l y  r e f i n e d  from - E. l a t h y r i s  hydrocarbon) .  The cor responding  p r i c e  
I 

o f  c r u d e  pe t ro leum i s ' a b o u t  1 0  c e n t s  pe r  pound. . . 

This  hydrocarbon f r a c t i o n  o f  - E .  l a t h y r i s  h a s  been r e f i n e d  by Mobil, 

Research and Development C o r p o r a t i o n  u s i n g  i t s  z e o l i t e  (Z:M-5) c a t a l y s t  over  

a  f l u i d i z e d  bed ( H a a g  e t  al., 1980) .  Tab le  2-3.shows t h e  f r a c t i o n a l  y i e l d  



Table  2-2. P r i c e s  of P r i n c i p a l  P e t r o c h e m i c a l s  

(Chemical Market ing R e p o r t ,  November 13 ,  1980) 

Chemical 

E thy lene  

Propylene 

But ad i e n e  

S t y r e n e  

Benzene 

Toluene 

Xylene 

Table  2-3. Refined Euphorbia  O i l  P roduc t s  and T h e i r  Cur ren t  Value 

P r i c e  i n  Cents  p e r  Pound 

22 .3  

18.5  

32 . O  

34 . O  

2 2 . 4 .  

17.5  

17.5 

*Euphorbia o i l  p r o d u c t s  o b t a i n e d  by u s i n g  a ZSM-5 c a t a l y s t  o v e r  a  f l u i d i z e d  
bed (Haag, e t  a l . ,  1980). 

Products* 

Benzenes 

Toluenes  

Xylenes  

E t h y l e n e  

Propy lene  

R i ~ t y l e n e  

LPG 

F u e l  O i l s  

Coke- 

- I. 

F r a c t i o n  (%) 

13 .O 

1 8 . 5  

14 

10 

10 

1.7 

5 . 2  

22 .8  

4 . 8  

T o t a l  Per b b l  
,-.- 

Value P e r  b b l  o f  O i l  

$ 8.40 

$10 .OO 

$ 7 .35  

$ 6 .70  

$ 5.55 

$ 1 . 6 0  

$ 1 . 7 0  . 

$ 7 .66  

- - -  

$48.96 



of p r inc  

s t o c k s  a 

p roces s  

i p a l  components and t h e i r  c u r r e n t  economic va lue  a s  chemical feed- 

nd f u e l .  The coke f r a c t i o n  is  es t imated  t o  provide t h e  necessary  

energy.* The t o t a l  n e t  va lue  p e r  b a r r e l  of r o s i n ,  when c o s t s  of 
3 

petroleum process ing  a r e  deducted,  i n d i c a t e  t h a t  t h e  r o s i n  i s  worth 20 t o  50% 

more than a  b a r r e l  of c rude  petroleum, which ranged from $27 t o  $38 per  

b a r r e l  i n  mid-1980. Th i s  is i n  agreement wi th  t he  f i n d i n g  of Hinman et a l .  

(1980).  These r e s e a r c h e s  r epo r t ed  a  25% g r e a t e r  economic va lue  of Euphorbia 

r o s i n  over  crude petroleum. 

The f u t u r e  p r i c e  of petroleum i s  , d i f f i c u l t  t o  p r o j e c t .  The Energy 

Informat ion  Adminis t ra t ion  has  t h r e e  p r i c e  s cena r io s  f o r  1995, but  t h e  lowest  

of t h e s e  i s  below t h e  c u r r e a t  p r i c e  and t h e r e f o r e  is un l ike ly .  The middle 

and h igh  p r i c e  p r o j e c t i o n s  f o r  1995 a r e  roughly $50 and $70 pe r  b a r r e l  ( i n  

1980 d o l l a r s ) .  These p r o j e c t i o n s  were e x t r a p o l a t e d  t o  t h e  year  2000 by 

assuming a  cons t an t  r e a l  p r i c e  growth r a t e .  Therefore ,  p r i c e  l e v e l s  of $60 

and $80 per b a r r e l  i n  year  2000 w i l l  be used f o r  t h i s  a n a l y s i s  ($60 per 

b a r r e l  f o r  t h e  y e a r  2000 p r i c e  e s t i m a t e  was used i n  DOE'S r e c e n t  Planning,  

Programming, and Budgeting System e x e r c i s e ) .  r 

The. economic a n a l y s i s  i s  c r i t i c a l l y  dependent upon y i e l d s  of Euphorbia 

r o s i n .  Table  2-4 shows t h e  s a l a b l e  products  per  ton  used i n  t h i s  a n a l y s i s .  

The e i g h t  percent  r o s i n  y i e l d  t h a t  we assumed i s  we l l  above c u r r e n t  average 

y i e l d s  of 4% (Sachs,  1986).  However, t he re '  i s  some p o t e n t i a l  t o r  inci 'easing 

y i e l d s  through p l a n t  b reed ing  ( s e e  Breeding P o t e n t i a l  s e c t i o n ) .  

The e t h a n o l  y i e l d  i e  b a ~ e d  on Kohan and Wilhelm's assumption (1980) t h a t  

20% of t he  26% sugar  con ten t  i s  C6 suga r s  and t h e r e f o r e  i s  f e ruencab le .  

The use of  conven t iona l  p rocess ing  techniques  r e s u l t s  I n  producrion of 28.5 

g a l l o n s  of e thano l  from about  400 pounds of sugar  (Kohan and Wilhelm, 1980).  

*The r e a c t i o n  t a k e s  p l a c e  i n  a  f l u i d i z e d  bed r e a c t o r  a t  500°C. To r a i s e  a  
pound o f  r o s i n  t o  500°C t akes  about  900 Btu. The energy con ten t  of t h e  4.8% 
coke f r a c t i o n  i s  960 Btu. When f i r i n g  e f f i c i e n c y  and hea t  recovery a r e  con- 
s i d e r e d ,  t h i s  rough equiva lence  should cont inue .  Therefore ,  i t  is assumed 
t h a t  t h e  energy i n  t h e  petroleum coke 1s s u f f i c i e n t  t o  providc  procccsing 
needs.  



Table 2-4. Est imated Yie lds  of E. La thy r i s  Used i n  Economic Analys i s  - 
(8.5 Dry Tons of P l a n t  Per  Acre) 

We assumed t h e  ,energy r e q u i r e d  t o  run t h e  e thano l  product ion p l a n t  i s  roughly 

- 
Sa lab l e  Product 

Tri-Terpenoid Product (Rosin) 

. . 
Mixed Sugars 

C e l l u l o s i c   ater rials 

Sa l ab l e  ~ r o h u c t  . 

Tri-Terpenoid P rod~ lc t  (Rosin) 

Ethanol  (From Sugars)  

Pulp 

equa l  t o  .120 pounds of sugar per  400 pounds of fermentables .  This  i s  based 

Percentage  

8 - 0  

26 .O 

58.7 

Per  Ton o f :  ~r~ Weight 

160 pounds 

28.5 g a l l o n s  

110 pounds 
A 

on requirements  f o r  a  corn-alcohol p l a n t  when t h e r e  i s  no s a c c h a r i f i c a t i o n  

s t e p  of byproduct d ry ing  (Kinderman e t  a l . ,  1980). The pulp i d e n t i f i e d  a s  

" sa l ab l e "  i n   oha an and Wi'lhelm's r e p o r t  (1'980) i s  based on t h e  remaining pulp 
? .  

from t h e . p r o c e s s  shown i n  f i g u r e  2-3, o r  t h a t  which i s  not  used' t o  run t h e  

process ing  p l a n t .  However, we assume t h a t  about  40% of t h i s  is  used f o r  

d ry ing  t h e  - E. l a t h y r i s ,  which is  not  a  good candida te  f o r  f i e l d  drying:  The 

water r e t e n t i o n  p r o p e r t i e s  t h a t  a l l ow  - E. l a t h y r i s  t o  wi ths tand  pe r iods  of 

drought  a l s o  prevent  it from l o s i n g  water .  Thus, Kohan and Wilhelm's assurnp- 

t i o n  t h a t  - E. l a t h y r i s  can be f i e l d  d r i e d  t o  20% mois ture  is unl ike ly .*  

In s t ead ,  w e  assume f i e l d  dry ing  reduces  mois ture  from 70% t o  about 45%, with 

t h e  remaining drying energy suppl ied  by pu lp  combustion. The a n a l y s i s  a l s o  
< . 

* T t  may be pos s ib l e  t o  a c c e l e r a t e  f i e l d  drying of E. l a t h y r i s  by u s ing  
methods developed f o r  d ry ing  grapes  (Anonymous, 1930d). A water  emulsion of 
a  vegetable  o i l  d e r i v a t i v e  i s  sprayed on t h e  grapes.  The s p r a y  . a l t e r s  t h e  
o u t e r  waxy l a y e r  of t he  grapes  s o  t h a t  i n t e r n a l  moisture  can escape f a s t e r .  



assumes a  y i e l d  of 8.5 t o n s  per  a c r e ,  which i s  t h e  maximum y i e l d  ob ta ined ,  

with i r r i g a t i o n ,  from semi-ar id  Un ive r s i t y  of C a l i f o r n i a  - Davis p l o t s  

(Sachs,  1981; Sachs,  pe r sona l  communication). Arid p l o t s ,  p a r t i c u l a r l y  t hose  

i n  Arizona,  have had d r a m a t i c a l l y  lower y i e l d s  and may never  come c l o s e  t o  

3 
t h i s  g o a l  of 8.5 t o n s  pe r  a c r e .  

Table  2-5 shows t h e . e s t i m a t e d  c o s t  t o  produce E. l a t h y r i s  by us ing  t h e  - 
process  shown i n  f i g u r e  2-3 (Kohan and Wilhelm, 1980). There a r e  t h r e e  major 

c o s t s :  f eeds tock ,  recovery  o f  r o s i n s  and suga r s ,  and e thano l  p roduct ion  from 

suga r s .  The d i f f e r e n c e  i n  product ion c o s t s  ( l a r g e s t  f r a c t i o n  of feeds tock  

c o s t s )  between C a l f o r n i a  ( i r r i g a t e d  l and )  and c e n t r a l  and southern  s t a t e s  

( u n i r r i g a t e d  l a n d )  is p r i m a r i l y  due t o  t h e  c o s t s  of i r r i g a t i o n ,  a l though some 

of this d i f f e r e n c e  is  due  t o  h ighe r  land  c o s t s  i n  C a l i f o r n i a .  It i s  assumed 

t h a t  Euphorbia l a t h y r i s  could  be commercially grown i n  c e n t r a l  and sou the rn  

s t a t e s ,  a l though t h e r e  i s  no r epo r t ed  d a t a  t o  confirm t h i s  assumption. The ' 

energy  c o s t s  of p roces s ing  ( recovery  o f  r o s i n  and suga r s )  a r e  met by t h e  

pulp.  Th i s  pulp cou ld  i n s t e a d  be used t o  produce e thano l ,  a l though t h i s  does  

not  seem economic ( s e e  appendix 1 a t  t h e  end of t h i s  s e c t i o n ) .  U t i l i t i e s ,  

' e l e c t r i c i t y ,  and water  a r e  purchased. 

The prime p roces s ing  c o s t  i s  t h e  c a p i t a l  embedded i n  t h e  p l a n t  com- 

p lexes .  This  is  an unregula ted  e n t e r p r i s e ;  t h e r e f o r e ,  a  r e t u r n  on investment  

of  15% i s  assumed. Inc lud ing  amor t i za t i on ,  t o t a l  r e t u r n  is  23.5%. 

Cogenerat ion of e l e c t r i c i t y  by us ing  pulp  could e l i m i n a t e  t h e  need f o r  

purchases  and provide a  source  of revenue from s a l e s  ( s e e  appendix 2  a t  t h e  

end of t h i s  s e c t i o n ) .  Cogeneration and che use  of pulp f o r  e thano l  a r e  both 

p o s s i b l e ;  however, our b a s i c  a n a l y s i s  does no t  cons ider  them. l n s t e a d ,  w e  

u se  t h e  assumptions of Kohan and Wilhelm, who do not  cons ide r  t h e s e  f a c t o r s .  

F i n a l l y ,  t o  determine t h e  c o s t  of E. l a t h y r i s  r o s i n ,  we must determine - 
t h e  va lue  of t h e  byproducts.  When petroleum reaches  $60 per b a r r e l ,  e t h a n o l  

should be worth about $2.00 pe r  based on c u r r e n t  i n d u s t r i a l  e thano l  

p r i c e s .  The pulp,  which has  7,300 Btu per  pound, (Kohan and Wilhelm, 1980) 

would be worth about  t h e  same a s  t he  d e l i v e r e d  p r i c e  of c o a l ,  o r  about $2.60 
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Figure 2-3. Conceptual Processing Sequence to Recover Rosin and Cg  gars ' . 

from Euphorbia 



Table 2-5. Est imated Cost  t o  Produce - E. L a t h y r i s  ( i n  1980 Dol la rs )*  

.*Based on Kohan and Wilhelm, (1980) 

Coca t i o n  
I 

C a l i  for  n i a  

Cen t r a l  and Southern USA 

Recovery of Rosins  and Sugars  

Purchased U t i l i t i e s  

Opera t ing  and Maintenance 

Labor 

C a p i t a l  and Admin i s t r a t i ve  

'per m i l l i o n  Dtu. For t h e  $80 per  b a r r e l  of petroleum crude s c e n a r i o ,  rhese 

Cost of Feedstock 

$615/acre  o r  $75 .5 /dry  ton 
I 

$245/acre o r  $29/dry t o n  

Cost Pe r  Dry Ton 

$ 5.40 

$ 4.33 

$ 4.43 

I $33.37 

a l c o h o l  p r i c e s  should be multiplied Lr 1.33 ($80/$60) uad pulp would be worth 

about  $3.00 per m i l l i o n  Btu, assuming t h a t  c o a l  i s  $3.00 per  m i l l i o n  Btu. 

The hase c a s e  r equ i r ed  revenue i s  shown i n  t a b l e  2-6. 'rhe base c a s e  i s  

Producing Ethanol. From Sugar 

C a p i t a l  Cos ts  

A l l  Other Costs  
I 

encouraging f o r  E .  l a t h y r i s  i n  t h e  c e n t r a l  and southern  moist  a r e a s ,  i f  t h e  - 
p l a n t  can be grown t h e r e  w i th  t h e  s t a t e d  y i e ld s . '  The revenue requirement  a t  

$60 per b a r r e l  i s  we l i  below t h e  $ / 5  per b a r r e l  equivaleuL value u1 ~11e 

Cost Per  Dry Ton 
1 

$10.34 

$ 7.08 

r o s i n .  A t  the same t i m e  t h e s e  r e s u l t s  a r e  d i scourag ing  when irrlgarion i s  

r equ i r ed ,  i . e . ,  i n  a r i d  and semi-arid lands .  Even a t  $80 per b a r r e l ,  - E .  

l a c h y r i s  r o s i n  i s  15% t o o  expensive.* 

*Our a n a l y s i s  does  no t  cons ide r  t he  c a s e  of growing E. l a t h y r i s  on non- 
i r r i g a t e d ,  semi-arid o r  a r i d  l ands  because t h e  y i e l d s ,  t o  d a t e ,  have been 
extremely low. I n  f a c t ,  t h e  a n a l y s i s  i s  based on y i e l d s  from i r r i g a t e d  - 
semi-ar id ,  not a r i d  l ands .  - 



Table 2-6. Required Revenues f o r  - E .  l a t h y r i s  Rosin t o  Break Even F i n a n c i a l l y  

We a l s o  examined t h e  s e n s i t i v i t y  of t he se  conc lus ions  t o  t h e  va lues  

assumed f o r  t h e  fo l lowing  parameters:  percent  r o s i n ,  y i e l d  per  a c r e  of - E.  

P r i c e  of Crude 
Petroleum 

$60 

$80 

l a t h y r i s ,  and r equ i r ed  r e t u r n  on investment.  

The e f f e c t  upon p r i c e s  of i n c r e a s i n g  t h e  r o s i n  y i e l d  is  shown i n  t a b l e  

The Base Case a t  8 .5  d r y  t o n s / a c r e  

2-7. This  a n a l y s i s  assumes p e s s i m i s t i c a l l y  t h a t  a l l  i n c r e a s e s  i n  pe rcen t  

r o s i n  y i e l d  come a t  t h e  expense of a l c o h o l  product ion i n s t e a d  of pulp.  For 

non- i r r i g a t e d  . l and ,  a  decrease  i n  percent  a l coho l ,  which i s  a  high va lue ,  

Feed Stock P r i c e  

$615/acre i r r i g a t e d  land  
$249/acre non - i r r i ga t ed  land 

$615/acre  i r r i g a t e d  land 
$249/acre non- i r r iga ted  land  

and an i nc rease  i n  p e r . c e n t  r o s i n  r e s u l t  i n  an i nc rease  i n  the  r equ i r ed  

- 

Revenue Required Per  
Ba r r e l  of Rosin 

I 

$147.10 
$ 70.55 

$111.75 
$ 30.27 

revenue per  b a r r e l  of r o s i n ,  when crude petroleum i s  $80 pe r  bb l .  A s  t h e  

r o s i n  l e v e l  r i s e s  from 8 t o  lo%,  t h e  a l c o h o l  per  b a r r e l  of r o s i n  drops from 

53.4 t o  38.5 ga l lons .  This  reduces t h e  e thano l  revenues s u f f i c i e n t l y  t o  

i n c r e a s e  t h e  per  b a r r e l  r o s i n  revenue requirement.  This  i n c r e a s e  i n  revenue 

requirement does no t  mean ' t h a t  i nc reas ing  r o s i n  l e v e l  a t  t h e  expense of  ' 

e thano l  reduces t o t a l  revenue per ac re .  A t  8 .5  d ry  t o n s  per  a c r e  and a  25% 

premium f o r  r o s i n ,  t o t a l  revenue per  dry  ton  i s  $131.94 a t  8% r o s i n  y i e l d ,  

$137.72 a t  l o%,  and $143.50 a t  12%. 

I f  t h e  g a i n s  i n  r o s i n  y i e l d  come a t  t h e  expense of pu lp ,  r equ i r ed  

revenue drops s l i g h t l y .  For example, a t  $60 a b a r r e l  and $29 per  d r y  t o n ,  

r equ i r ed  revenue f a l l s  t o  $54.88 from $60.51, o r  about $5.00 p e r  b a r r e l .  For 

$615 p e r  acre, ehe drop i n  revenue i s  from $123.76 t o  $118.46. 

Increas ing  t h e  d ry  tonnage y i e l d  per  a c r e  i s  equ iva l en t  t o  reducing t h e  

product ion  c o s t  per  ac re .  For example, i f  c o s t s  f a l l  t o  $523 pe r  a c r e ,  a t  

y i e l d s  of 8.5 dry  tons ,  t h e  c o s t  per  d ry  ton  i s  $61.50. This  i s  t h e  same a s  



Table  2-7. S e n s i t i v i t y  o f  t h e  Break-Even P r i c e  of E .  l a t h y r i s  Rosin t o  
Change i n  % Rosin Yield:  Assume Crop ~ T e l d  of  8.5 Dry Tons 
Per  Acre ( i n  1980 $ per  bb l )  

i f  y i e l d  rises from 8 .5  t o  10  d r y  tons  per  ac re .  Table  2-8 shows t h e  s ens i -  

t i v i t y  of  r e q u i r e d  revenue t o  i n c r e a s e s  i n  per  a c r e  y i e l d  ( o r  reduced feed-  

s t o c k  a g r i c u l t u r a l  c o s t s ) .  

A 15% r a t e  of  r e t u r n  on e q u i t y  p lu s  amor t i za t i on  may be too high f o r  a 

P r i c e  of Crude O i l  

$60 

$80 

c o n s t a n t  d o l l a r  a n a l y s i s .  I f  O f f i c e  of Management and Budget p r o j e c t i o n s  a r e  

c o r i e c t ,  t hen  t h e  r a t e  used should be 10% r a t h e r .  t h a n  15%. Table  2-9 shows 

Feedstock 

$615/acre  i r r i g a t e d  land  

$249/acre  non- i r r iga ted  

$615/acre  i r r i g a t e d  land 

$249/ac.re non- i r r iga ted  

Required Revenue.Per bb l  
Hydrocarbon a t  Three Leve ls  

of % Yield  of Hydrocarbon 

s e n s i t i v i t y  t o  t h i s  change i n  t h e  r equ i r ed  r e t u r n  on investment .  

8% 

$147 . lo  

$ 65.55 

SLli .75 

$ 30.22 

The r e s u l t s  of a i l ' t h r e e  s e n s i t i v i t y  gna lyses  a r e  unambiguous. A t  $60 

per b a r r e l  f o r  c rude  o i l ,  - E. l a t h y r i s  i s  not  economic when grown on i r r i g a t e d  

l ands .  Even assuming a  10% r o s i n  y i e l d ,  11 tons  per  a c r e  y i e l d ,  and t h e  low 

r e t u r n  on inves tment ,  t h e  r equ i r ed  r o s i n  revenue exceeds $78 per b a r r e l  (over  

$3 above t h e  economic va lue  of $75/bbl  f o r  t h i s  premium product ) .  A t  $00 p e r  

b a r r e l  o f  c rude ,  any modest f avo rab l e  charlge from t h e  base case makca ~ O E ~ I I  

economic. For non - i r r i ga t ed ,  t h a t  i s ,  non-arid land ,  Euphotbia r o s i n  i s  

econamical ly  v iob lu  u L  0 - 5  tnnn/ncrc yield and 8% hydrncarbon con ten t .  

Again, whether o r  no t  - E. l a t h y r i s  can be grown on these  lands  a t  t h e s e  y i e l d s  
I 

is  s t i l l  not known. 

1 OX 

$126.36 

$ .61 .11  

$101.21 

$ 35.85 

12% 

$1 12.53 

$ 58.15 

.$ 93.94 

$ 39.56 



Table 2-8. S e n s i t i v i t y  of t h e  Break-Even P r i c e  of E. l a t h y r i s  Rosin t o  
Changes i n  Dry Ton Yie ld  ( o r  i n  c o s t s )  p e r  Acre ( i n  1980 $ 
per  bb l )  ~ s s u m i n ~  8% Rosin Content,  1 5 % - ~ e t u r n  on Investment 

- - 

*numbers i n  paren theses  i n d i c a t e  t h e  reduced product ion c o s t s / a c r e  t o  
achieve t h a t  break-even p r i c e '  , a t  8 .5  t o n s l a c r e .  

1 .  

Table 2-9. S e n s i t i v i t y  of t h e  Break-Even P r i c e  of  E. l a t h y r i s  Rosin t o  
Changes i n  t h e  Required Return on ~ n v e s z e n t  

. . 

- 
Required Revenue Per  bb l  a t  
Three Yie lds  (d ry  t o n l a c r e )  

P r i c e  of  Crude O i l  

$60 

$80 

Base Cost Per  Acre 

$615 ( i r r i g a t e d  l and )  

$249 

$615 ( i r r i g a t e d  land)  

$249 

11 

$116.00 
' ($475) 

$ 5 3 . 6 2  
($192) 

$ 80.72 
($475) 

$ 18.33 
($192) 

' i 8.5 

$147.60 
($615)* 

$ 6 5 . 5 5  
($249) 

$111.75 
($615) 

$ 30.27 
' ($249) 

P r i c e  of Crude 
O i l  

$60 

10 

$126.49 
($523) 

$ 5 8 . 8 6  
($212) 

$ 91.21 
($323) 

$. 22.58 
($212) 

Return on 
Investment 

15% 

10% 

15%: 

10% 

Cost Per  Acre 

$615 ( i r r i g a t e d  
l and )  

$249 

Break-Even P r i c e  
- 

$147.10 

$119.78 

$ 65.55 

$ 38.59 

$80 
$615 ( i r r i g a t e d  

land)  

$243 

15% 

10% 

15% 

10% 

$112.25 

$ 84.93 

$ 30.27 

$ 2.36 



2.17 Energy Analys i s  

There a r e  f i v e  f a c t o r s  i n  t h e  energy a n a l y s i s :  e thano l  produced from 

sugars ' ,  - E. l a t h y r i s  r o s i n ,  pu lp ,  energy r equ i r ed  f o r  a g r i c u l t u r e ,  and energy 

r e q u i r e d  f o r  p rocess ing .  E n e r g y . a n a l y s i s  of each of t he se  f a c t o r s  i nvo lves  

looking  a t  t h e  energy  i n p u t s  and o u t p u t s  of t h e  e n t i r e  process  f o r  producing 

t h a t  energy source  and us ing  i t ;  t h i s  d a t a  i s  then  compared wi th  a l t e r n a -  

t i v e s .  For example, i t  is no t  enough t o  look a t  t h e  Btu con ten t  of a  g a l l o n  

of  e thano l .  A more e x a c t  a n a l y s i s  u se s  i t s  crude o i l  replacement va lue .  

E thanol  h a s  less Btu per  g a l l o n  than  gaso l ine ,  bu t  a  h i g h e r . o c t a n e  r a t -  

ing .  There a r e  many c l a ims  but no consensus about t h e  r e l a t i v e  e f f i c i e n c y  of 

e t h a n o l  a s  an ex t ende r  of g a s o l i n e  i n  gasohol .  I t  i s  not  l i k e l y  t h a t  gasohol  

d e l i v e r s  b e t t e r  mileage t h a n  g a s o l i n e ,  a l though i f  it d e l i v e r s  l e s s  mileage,  

t h e  d i f f e r e n c e  i s  sma l l  (Chambers, 1979). Therefore ,  we assume t h a t  a  g a l l o n  ' 

of  gasohol  ' w i l l  g e t  t h e  same mileage a s  a  g a l l o n  of gaso l ine .  

Because r e f i n i n g  petroleum crude t akes  about 10% of t h e  energy i n  a  

b a r r e l  of c rude  (Gaines  and Shen, 1980), a  g a l l o n  of g a s o l i n e  t a k e s  125,000 x 

1 .1  R t u  of  crude o i l  t o  produce, o r  137,500 Btu. Therefore ,  we assume each 

g a l l o n  of e thano l  i s  worth 137,500 Btu of petroleum even though a  g a l l o n  of 

e thano l  is a c t u a l l y  on ly  91,000 Btu. 
$ 

The n e t  energy va lues  of t h e  components of r e f i n e d  Euphorbia l a t h y r i s  

r o s i n ,  ( t h a t  is ,  a l l  o u t p u t s  but  coke) were adopted from Gaines and Shen 

(1980),  a s  were t h e  va lues  f o r  benzene, xylene,  t o luene  (RXT); LPG; and f u e l  

o i l .  For t h e  o l e f i n s  -.- e thy lene ,  propylene, and butylene -- p r o d u c ~ i o n  i s  

assumed t o  be from heavy petroleum l i q u i d  (gas  o i l ) ,  which ' is t h e  marg ina l  

f eeds tock  a t  p r e sen t  and f o r  t h e  f o r e s e e a b l e  f u t u r e .  

No premium i s  allowed f o r  t h e  high b lending  oc tane  of BXT because energy 

sav ings  a r e  very  s m a l l  u n l e s s  engines  a r e  redesigned.  I n  a d d i t i o n ,  i f  a  ba se  ' 

c a s e  i s  assumed i n  which e thano l  i s  widely used, t h e  high blending va lue  of 

e t h a n o l  would e l i m i n a t e  much of any BXT c r e d i t .  Therefore ,  t h e  conse rva t ive  

approach of no c r e d i t  has  been adopted. 



The fo l lowing  t a b l e  2-10 shows t h e  r o s i n  products  of - E. l a t h y r i s ,  t h e  

o i l  energy c o n t e n t ,  and o t h e r  process ing  energy requirements  per b a r r e l  of 

petroleum o i l  (300 pounds). 

Table 2-10. Net Energy Embodied i n  t h e  Products  of  - E.  l a t h y r i s  
Rosin C a t a l y t i c  Cracking 

(Energy: 1000 Btu) 

When t h e s e  va lues  a r e  compared wi th  t h e  n e t  energy of crude o i l ,  which 

i s  5,192,000 Btu per b a r r e l ,  t h e  - E. l a t h y r i s  r o s i n  has  a  petroleum rep lace-  

ment con ten t  of 1.13 per  b a r r e l  and a  t o t a l  energy t o  n e t  energy from crude 

T o t a l  Btu lbbl  
of Product i n  
- E. l a t h y r i s  

731 

731 

124 

996 

1,316 

989 

352 

1,377 

6,616 

r a t i o  of 1.27. Consider ing t h e  10% r e f i n e r y  c r e d i t  d i scussed  p rev ious ly ,  a  

B tu lbb l  of 
Product i n  
Petroleum 

731 

731 

124 

773 

1,022 

740 

. 352 

'1,377 

' 7 5 , 8 5 0  

b a r r e l  of - E: l a t h y r i s  e q u a l s  6,435,000 Btu of crude petroleum. 

From Other 
Sources  ~ t u ' l l b  

- 

- 

- 

5,290 

5,290 

6,360 

- 

- 

Product 

E thylene  

Propylene 

Butylene 

Xylene 

Toluene 

Benzene 

LPG. 

Fue l  O i l  

The pulp  energy con ten t  i s  based on a  n e t  of 110 pounds of combust ible  

pulp per ton of d r y . E .  - l a t h y r i s .  This  pulp has  a  Btu con ten t  of 7,300 

B tu l ton  (Kohan and Wilhelm, 1980).  Therefore ,  8,.5 t o n s l a c r e  ( cons ide r ing  

r e f i n e r y  c r e d i t )  embodies 6.83 m i l l i o n  Btu. 

T o t a l  N e t  Energy Per  B a r r e l  

From Petroleum 
O i l :  B t u l l b  

24,321 

24,321 

24,321 

18,380 

18,380 

18,950 

22,325 

20,100 



A l l  p roces s ing  requi rements  a r e  m e t  by t h e  combustion of pulp and 

non-fermentable sugars .  With t h e  except ion  of i r r i g a t i o n ,  pumping energy 

requi rements  a r e  16.5 m i l l i o n  Btu per  a c r e  (McLaughlin and Hoffman, 1980) ,  

which i n c l u d e s  t h e  energy  embodied i n  t h e  i r r i g a t i o n  system. I r r i g a t i o n  

energy  was c a l c u l a t e d  a t  10.95 m i l l i o n  Btu p e r  ac re .  It was e s t ima ted .based  

on a  350-foot pumping requirement  t y p i c a l  o f  Arizona, a  two-acre-foot water  

requi rement ,  and a n  80 p e r c e n t  pump e f f i c i e n c y .  The e l e c t r i c i t y ,  i nc lud ing  

l i n e  l o s s e s ,  r e q u i r e s  12,000 Btu per d e l i v e r e d  kwh. 

The above e s t i m a t e s  of energy va lues  f o r  e thano l  and - E .  l a t h y r i s  were 

used t o  determine t h e  n e t  energy per  a c r e  ( t a b l e  2-11). This  ne t  energy 

. assumes a  y i e l d  o f  8.5 d r y  to.ns per a c r e ,  8% r o s i n  y i e l d ,  26% suga r  y i e l d  -- 
of  which 202 is  n e t  e t h a n o l  -- and 59% *ulp y i e l d .  It should be remembered 

t h a t  t h e s e  y i e l d s  a r e  f a r  above those  ob ta ined  t o  d a t e  i n  a r i d  c l ima te s  such 

as Arj.zona. 

Energy ,product ion  from Euphorbia r o s i n  would be cons ide rab l e  a t  t h e s e  

y i e l d s ,  though f a r  less t h a n  t h e  c la ims  of some proponents.  The ne t  produc- 

t i o n  i s  about  15  m i l l i o n  Btu h ighe r  i f  i r r i g a t i o n  i s  not  r equ i r ed  ( t h a t  is,  

where i r r i g a t i o n  is  not  needed; i n  c e n t r a l  and southern  l ands ) .  This  energy 

product ion  i s  ex t remely  s p e c u l a t i v e ;  i t  must be v e r i f i e d  and compared wi th  

o t h e r  p o t e n t i a l  energy  c rops  f o r  t h e  i ands  i n  ques t i on  ( s e e  appendix 3 a t  t h e  

end of t h i s  s e c t  Lon). 



Table 2-11. Net Energy f o r  an  Acre of  E. l a t h y r i s  (Composite Table  Based 
on Resu l t s  of Previous ~ c o n o ~ i c  Analyses) 

T o t a l  Btu 
( i n  l o 6 )  - 

32.64 
31.35 

6.83 

70.82 

I 

17.10 . 

10.65 

Net Products 

Rosin 
Ethanol 
Pulp 

T o t a l  O u t p u t .  

Requirements 
L 

Agr icu l tu re  Except I r r i g a t i o n  
( C a l i f o r n i a )  

I r r i g a t i o n ,  E l e c t r i c i t y ,  and 'system 

O i l  Btu 
( i n  l o 6 )  

29.17 
31.35 - 

60.52 

.3.37 
Other 
Process ing  

~ o t a l  .Net Requirements 

N e t  Gain Per  Acre 
. .- 

Net Gain i n  ~ b l '  of Crude O i l  
Equivalent  

met by pulp and non-fermentable sugar  

3 -37 

57.15 
-, . - ~- 

9.85 

27.75 

43.07 
. . 

7.42 



Appendix I .  Ethanol  from E.  l a t h r y i s  Pulp - 

No formal  a n a l y s e s  of  e t h a n o l  product ion from - E. l a t h y r i s  pulp have been 

r e p o r t e d  t o  da t e .  Conversions of o t h e r  forms of l i g n o c e l l u l o s e  t o  e thano l  

have been s tud i ed .  For example, a  d e t a i l e d  ' s tudy of producing e thano l  from 

co rn  s t o v e r  was r e c e n t l y  completed (Kinderman e t  a l . ,  1980). For t h i s  analy- 

sis, w e  assume t h a t  t h e  c o s t s  and process  e f f i c i e n c i e s  of conve r t i ng  - E. 

l a t h y r i s  pu lp  t o  a l coho l  a r e  t h e  same a s  those f o r  corn  s tove r .  

The convers ion  p roces s  i s  both long and c o s t l y .  Figure A-1 i s  an 

approximate mass flow f o r  t h e  conversion of corn s t o v e r  t o  e thano l .  The 

e s t i m a t e d  c o s t  of t h i s  p roces s  ( i n  1980 cons t an t  d o l l a r s )  f o r  E .  l a t h y r i s  - 
pulp ,  exc luding  f eeds tock  c o s t s ,  i s  $1.26.per  ga l lon .  This  i nc ludes  

byproduct c r e d i t s ,  a  sma l l  c a p i t a l  c o s t  reduc t ion  f o r  feeds tock  handl ing f o r  

E. l a t h y r i s  pu lp ,  and an adjustment  of t h e  c a p i t a l  recovery '  f a c t o r  used by - 
Kinderman e t  a l .  (1980) t o  a  cons t an t  d o l l a r  b a s i s  ( z e r o  i n f l a t i o n ) .  A t  a  

petroleum p r i c e  o f  $60 per  b a r r e l ,  e thanol  is  es t imated  t o  be worth $2.00 per  

g a l l o n .  Thus, t h e  e t h a n o l  producer  could pay up t o  $0.74 per  g a l l o n  f o r  

feedstock. A m i l l i o n  Btu of feeds tock  w i l l  produce 3.65 g a l l o n s  of e t h a n o l ,  
* '  

which i s  worth $2.70. By c o n t r a s t ,  a  m i l l i o n  Btu of pulp i s  worth $2.60 f o r  

f u e l .  This  i s  a  ve ry  smal l  d i f f e r e n c e :  A 20% i n c r e a s e  i n  c a p i t a l  c o s t s  

would more than wipe ou t  t h i s  advantage. 

F i r s t  of a  k ind  p l a n t s  u s u a l l y  c o s t  cons iderab ly  more t o  b u i l d  than  
, . 

subsequent  p l a n t s ;  t h e r e f o r e ,  i t  is  u n l i k e l y  t h a t  t h e  smal l  p o t e n t i a l  sav ings  

i s  j u s t i f i a b l e .  I f  o i l  i s  $80 pe r  b a r r e l ,  t hen  the  economics fur  e thano l  

product ion become much more f avo rab l e ;  a  m i l l i o n  Btu of feeds tock  pulp  Is 

worth $5.00 when converted t o  a l coho l  and about  $3.00 a s  d i r e c t  b o i l e r  f u e l .  

AL $80 per barrel  bf oil, n lcohu l  product ion mny he d c o i r e b l e ,  provided 

s u f f i c i e n t  water  is  a v a i l a b l e  f o r  p rocess ing  ( 2  m i l l i o n  g a l l o n s  per day).  
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Appendix 2 .  Cogeneration 

To d a t e ,  e x t r a c t i o n  of  - E. l a t h y r i s  hydrocarbons ,has  occurred on ly  i n  t h e  

l a b o r a t o r y .  However, cogene ra t i on  would be p o s s i b l e  w i th  a Euphorbia 

l a t h y r i s  p roces s ing  p l a n t ,  which w i l l  r e q u i r e  a c a p a c i t y  of about 200,000 

pounds of biomass per  hour.* Cogenerat ing by a low p re s su re  steam u s e r  

r e s u l t s  i n  i nc remen ta l  hea t  r a t e s  of about  5,000 Btu per  kwh t o  gene ra t e  

e l e c t r i c i t y  (Bernow, e t  a l . ,  1978).  I f  a low p re s su re  steam u s e r  were t o  

cogene ra t e ,  then  p roces s ing  p l a n t  c a p a c i t y  cbuld be expanded by one- th i rd  t o  

provide  high p re s su re  s e e m  f o r  cogeneraklu~~ wl L~IUUL arfcc t i n g  t h e  ,capability 

t o  meet p rocess  requi rements .  Thus, b o i l e r  c a p a c i t y  could e a s i l y  be in-  

c r ea sed  abou t  65,000 pounds per  hour.  Bo i l e r  e f f i c i e n c y  f o r  p l a n t s  of t h i s  

s i z e  i s  t y p i c a l l y  about  80 t o  85% (Marciniak, persona l  communication). Net 

ou tpu t  of e l e c t r i c i t y ,  t h e r e f o r e ,  i s  about: 15  I4W p e r  hoilr. 

Thi s  ou tput  i s  worth t h e  equ iva l en t  c o s t  of product ion t o  an e l e c t r i c  

u t i l i t y . * *  An - E. l a t h y r i s  p rocess ing  p l a n t  shouldi  ope ra t e  over  80% of t h e  

t i m e .  Therefore ,  i t  would r e p l a c e  a cap i t a l '  i n t e n s i v e  base load u n i t ,  which 

is a c o a l - f i r e d  u n i t  i n  t h e  southwest.  Af t e r  account ing f o r  l i n e  l o s s e s ,  

o p e r a t i o n '  and maintenance c o s t s ,  and f u e l  ( a t  10,000 Btu per  kWh), t h e  c o s t  

t o  t h e  u t i l i t y  i s  3.0 c e n t s  per'kWh ( t h i s  assumes o i l  t o  be $60 per b a r r e l  

*This is a very  l a rge - sca l e  p l a n t ,  and i t  may not  be t e c h n i c a l l y  o r  economi- 
c a l l y  f e a s i b l e .  

**Ser.tinn 210 of t he  P u b l i c  U t i l i t y  Regulatory Po l i cy  Act ('PUKPA) of 1978 
mandates u t i l i t i e s  t o  o f f e r  payment t o  cogenera tors  (am61ig o r h e r s )  with 
c a p a c i t y  less than  30 MW. These payments must: 

1. B e  j u s t  and r ea sonab le  f o r  t h e  e l e c t r i c  u t i l i t y ' s  consumer, 

2 .  Not d i s c r i m i n a t e  a g a i n s t  such s u p p l i e r s ,  and 

3 .  Not exceed t h e  incrementa l  c o s t  of a l t e r n a t i v e  s u p p l i e s  of 
e l e c t r i c i t y  t o  t h e  u t i l i t y .  

These requirements  a r e  u s u a l l y  i n t e r p r e t e d  a s  meaning t h a t  t h e  u t i l i t y  
should pay avoided c o s t s  t o  cogenera tors .  



Cogeneration a l s o  r e s u l t s  i n  a  sav ings  on investment.  A c o a l - f i r e d  

p l an t  c o s t s  about  $1,200 per  kW i n  1980 d o l l a r s  (S t e rn ,  persona l  communica- 

t i o n ) .  Adding t h e  necessary  b o i l e r  c a p a c i t y  and t u r b i n e s  t o  produce e l ec -  

t r i c i t y  from t h i s  E.  l a t h y r i s  p rocess ing  p l a n t  would c o s t  $600 t o  $1,000 per  - 
kW (Bernow, 1978).  S ince  a  t y p i c a l  coa l - f i r ed  base load u n i t  ope ra t e s  about 

65% of t h e  t ime (5,694 hours p e r  y e a r ) ,  i t  is  assumed t h a t  t h e  u t i l i t y  r e t u r n  

per d o l l a r  of investment saved e q u a l s  t h e  r equ i r ed  r e t u r n  pe r  d o l l a r  i nves t ed  

by - E .  l a t h y r i s  p rocess ing  p l an t  owners. 

To.determine n e t  payment, w e  assumed t h a t  cogenera t ion  c o s t s  a r e  about  

.$800 per  kW. The u t i l i t y  c a p i t a l  c h a r g e . f a c t o r  wi th  cons t an t  d o l l a r s  i s  

about 8% ( C i c c h e t t i ,  e t  a l . ,  1976). The c a p a c i t y  c r e d i t  t h e r e f o r e  is  $7.05 

per a c r e  per  y e a r ,  a n d . t h e  ne t  v a l u e  t o  t h e  u t i l i t y  i s  $48.00 per  a c r e  year .  

The va lue  of t he  pulp a s  pulp is  $17.76 pe r  a c r e  per  year  ( a t  $60 p e r  

b a r r e l  f o r  o i l ) .  I f  t h i s  pulp is  used t o  gene ra t e  e l e c t r i c i t y ,  t h e  va lue  t o  

t he  u t i l i t y  would be equ iva l en t  t o  $48 per  a c r e  per  year .  Therefore ,  t h e  

p o t e n t i a l  n e t  ga in  from cogenera t ion  i s  $30.24 per a c r e  per yea r ,  o r  a  reduc- 

t i o n  of $6.67 per  b a r r e l  i n  t he  c o s t  of E.  l a t h y r i s  hydrocarbon. These - 
p o t e n t i a l  sav ings  imply t h a t  any l a rge - sca l e  biomass t o  hydrocarbon process-  

i n g  p l a n t  t h a t  r e q u i r e s  steam should s e r i o u s l y  i n v e s t i g a t e  t h e  p o t e n t i a l  
t 

economic value of cogenera t ion .  



Appendix 3. A Comparison of t h e  Energy P o t e n t i a l  of - E. l a t h y r i s  

w i t h  Corn i n  t h e  Southeas t  

A t  p r e sen t ,  o n l y  co rn  i s  being used t o  provide s u b s t i t u t e s  on 

any l a r g e  s c a l e .  Therefore ,  t h i s  a n a l y s i s  compares t h e  p o t e n t i a l  energy pro- 

duced from - E. l a t h y r i s  w i t h  t h a t  from corn.  

To s i m p l i f y  t h e  a n a l y s i s ,  i t  i s  assumed t h a t  processing requirements  a r e  

m e t  e i t h e r  wi th  - E. l a t h y r i s  pu lp  o r  corn  s t o v e r .  Corn y i e l d  is t h e  average  

per  acre y i e l d  c u r r e n t l y  ob t a ined  i n  North Caro l ina  ( A g r i c ~ l e u r a f  S c a r i s t i c s ,  

1976),  which i s  2.34 t o n s  of  corn  per  a c r e  per  year and 1.36 tons  of d r i e d  

corn  s tove r*  pe r  a c r e  pe r  yea r  ( t a b l e  A-1). E.  l a t h y r i s  has  never been grvwn - 
on o t h e r  t han  s m a l l  exper imenta l  p l o t s  i n  t h e  sou theas t ,  and t h e s e  d a t a  have 

n o t  been publ i shed .  Because p o t e n t i a l  y i e l d s  a r e  s p e c u l a t i v e ,  y i e l d s  ranging 

from 1 and 8.5 t o n s  per  a c r e  per  year  a r e  analyzed ( t a b l e  A-2). The l a t t e r  

is  the  b e s t  y i e l d  achieved t o  d a t e  on a  small ,  i r r i g a t e d  p l o t  i n  C a l i f o r n i a ;  

t h e  former r e f l e c t s  y i e l d s  i n  Arizona wi th  i r r i g a t i o n .  

To c a l c u l a t e  t h e  t o t a l  enefgfl produced from tiletie cropti ,  cwci i  was 

c r e d i t e d  f o r  t h e  energy embodied i n  d i s t i l l e r s  d r y  g r a i n .  According t o  our  

a n a l y s i s ,  t h e  t o t a l  energy o f  c u r r e n t  c o r n  y i e l d s  i s  equ iva l en t  t o  a  y i e l d  of 

5 t ons  per  acre per y e a r  of - E,. l a L I ~ y r l s ,  or about 3 tans of - E. l a t h y r i o  i n  

p o t e n t i a l  v e h i c l e  f u e l s .  

*The removal of t h i s  amount of co rn  s t o v e r  may cquse adverse  e f f e c t s  on some 
s o i l s .  



Table A-1. Net Energy from Average North Ca ro l ina  
Corn Acreage Used f o r  Energy Product ion 

*Derived from A g r i c u l t u r a l  S t a t i s t i c s ,  1976 USDA 
**Derived from Kohan and Wilhelm, 1980 

Biomass 
Yield per  Acre* 
tons / ac re /yea r  

Corn 2.34 

Corn S tover  1 . 3 6  

Table A-2. Net Energy of  E .  l a t h y r i s  - 

7 

Energy Production** 

Ethanol  

Corn S tover  ( n e t  a f t e r  
p rocess ing)  

D i s t i l l e r s  Dry Grain 

TOTAL 

Net Btu from Various Yie lds  (Dry Weight) of E. l a t h y r i s  - -  
(Yie ld  i n .  d ry  tons/ .acre/year)  

lo6 Btu 

18.35 

8 . 5 0  

12 .19  

39.04 

Net Products  

-, Rosin 

E than01 

Pulp 

T o t a l  Output 

1 

3 .84 

3 .69 

Q -80 

8 .33  

3 

11.52 

11.06 

2 .41  

24.99 

5 

19 .20 

18.44 

4 .02 

41.65 

8 . 5  

32.64 

31 .35  

6 . 8 3  

70 .82  
J 



3.0 I n t r o d u c t i o n  t o  t h e  Milkweed Family: Asclepiadaceae 

There a r e  46 s p e c i e s  of  milkweed t h a t  a r e  n a t i v e  t o  t h e  United S t a t e s  

( H a l l  and Long, 1921).  We have a s se s sed  t h r e e  of t he se  spec i e s :  Asc lep ias  

- s y r i a c a  (common milkweed), A. spec iosa  (showy milkweed), and A.  s u b u l a t a  - - 
( d e s e r t  milkweed). 

These p l a n t s  have been i n v e s t i g a t e d  a s  p o t e n t i a l  sou rces  of rubber  and 

hydrocarbon. The hydrocarbon and rubber  are e x t r a c t e d  from t h e  v e g e t a t i v e  

parts of t he  p l a n t .  ~ ~ ~ r o d u c t s  may inc lude  f l o s s  and f i b e r ;  however, f l o s s  

i s  obta ined  o n l y  i f  t h e  p l a n t  i s  allowed t o  produce f r u i t  ( t h e  f r u i t  i s  a 

pod). For hydrocarbon product ion ,  t h e  p l a n t  i s  harves ted  before  i t  f lowers .  

I n  gene ra l ,  t h e r e  i s  v e r y  l i t t l e  d a t a  a v a i l a b l e  on any of t h e s e  spec i e s .  

Therefore ,  we have not  a s s e s s e d  t h e i r  economic p o t e n t i a l  i n  d e t a i l .  Table  

3-1 i n d i c a t e s  t h e  rubber  con ten t  of s e v e r a l  milkweed s p e c i e s  t h a t  were not  

a s se s sed  (Hal l  and Long, 1921).  These s p e c i e s  may be va luab le  a s  a source  of  

germ plasm f o r  breeding ,  o'r some may m e r i t  development i n t o  commercial c rops .  

A t  t h i s  t ime ,  t h e r e  i s  not  enough data  available t o  make t h i s  assessment .  

  able 3-1. Rubber Content  (Percent  of Dry Weight) of Seven Milkweed Spec i e s  

Spec i e s  

A. brachystephana - 
A. c a l i f o r n i c a  - 
A. decumbens - 
A. g a l i o i d e s  - 

A. l a t i f o l i a  - 
A. mexicana - 
A. s u l l i v a n t i  - 

Rubber 
Content of 

Sterns 

1.7 t o  2.9 

0.7 t o  7.5 

0.4 t o  0.5 

0.85 

0.5 t o  0.7 

0.5 t o  2.3 

0.1 t o  8.2 

Rubber 
Content of 
T.eaves ( X )  

2.1 t o  2.9 

0.9 t o  4.1 

1.0 t o  1. . 7  

0.62 t o  5.2 

1.0 t o  3.7 

1.4 t o  4.8 

1.2 t o  8 .1  

Number of 
Accessions 

Analyzed 

4 

4 

5 

3 

8 

16 

19 

Rubber 
Content (%) 

2.1 t o  3.0 

0.8 t o  1.3 

1.5 

1.5 t o  2.4 
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4.0 Deser t  Milkweed: Asc l ep i a s  subu la t a  (Asclepiadaceae family)  

Of t h e  64 p l an t  s p e c i e s  examined by Hal l  and Long (1921), Asc l ep i a s  

subu la t a  appeared t o  be t he  most promising source  of  n a t u r a l  rubber .  This  

s p e c i e s  may a c t u a l l y  i nc lude  two subspec ies  o r  r a c e s  (Hal l  and Long, 19211, 

which w i l l  be r e f e r r e d  t o  a s  t h e  woody type and the  s t o o l i n g  type. Hall. and 

Long (1921) a r e  t h e  on ly  au tho r s  t o  d i s t i n g u i s h  between ' , these two types .  

The woody type  grows most ly  on t h e  bench-lands (former r i v e r  f lood-  

p l a i n s )  and s tony  s lopes .  It i s  more drought r e s i s t a n t  than the  s t o o l i n g  

type .  A s  i t s  name sugges t s ,  t h i s  type  is  woody (lower po r t i on  of t h e  s tem).  

The s t o o l i n g  type  grows c h i e f l y  i n  t h e  d r y  streamways and dep re s s ions ,  

where t h e r e  is  probably more mois ture  than the  sites con ta in ing  the  woody 

type .  The s t o o l i n g  type i s  only  woody a t  t h e  base of t h e  p l a n t .  

4 .1  Products  

To our knowledge, Asc l ep i a s  s u b u l a t a  has  n o t  been e x t e n s i v e l y  s t u d i e d  

s i n c e  Beckett  and S t i t t  (1935). Because e x t r a c t i o n  techniques  have improved 

s i g n i f i c a n t l y  s i n c e  t h a t  t i m e ,  i t  i s  n o t  c e r t a i n  which hydrocarbon products  

would be emphasized f o r  commercially developing t h i s  p l an t .  However, t h i s  

p l a n t  does produce n a t u r a l  rubber  (produced l a r g e l y  i n  t he  bark  of  t h e  . 
p l a n t ) .  Becau~e t h f a  i s  t h e  produce t h a t  was uf l ~ i t e r e s r :  in both t h e  Beckett  

and S t i t t  s tudy  (1935) and the  H a l l  and Long s tudy  (1921) ,  i t  i s  t h e  focus of 

t h e  p re sen t  d i s cus s ion .  Fu r the r  r e s e a r c h  may i n d i c a t e  t h a t  t h e  p l a n t  i s  more 

s u i t a b l e  f o r  l i q u i d  hydrocarbon product ion o r  for both rubber  and l i q u i d  

hydrocarbon product ion.  

The byprorliicts i nc lude  oomc r e s i n s ,  b u ~  t h e  rype and q u a n t i t y  have no t  

been r epo r t ed .  F ibe r  may prove t o  be an important  byproduct of  - A. subu la t a .  
t 

Hal l  and Long (1921) r e p o r t  t h a t  t h e  pu lp  of t h i s  s p e c i e s  can be used t o  make 

paper.  



4.2 L i f e  Cvcle 

A. subu la t a  i s  a pe renn ia l  herb t h a t  has many rush- l ike  stems t h a t  grow - 
from a c e n t r a l  crown. Becket t  and S t i t t  (1935) r e p o r t  l-50 t o  200 stems per  

p l a n t ;  H a l l  and Long (1921) r e p o r t  100 t o  600 o r  more stems per p l a n t .  The 

s tems have a woody base and a r e  0.25 t o  0.75 inches  (0.64 t o  1.92 cm) i n  

. d iame te r .  The p l a n t s  a r e  2 t o  8 f e e t  (0.6 t o  2.5 meters )  i n  he ight  (Becket t  

and S t i t t ,  1935; Ha l l  and Long, 1921),  and according t o  Beckett  and S t i t t ,  

t h e  average  he igh t  i s  4 f e e t  (1.2 me te r s ) ,  w i th  a circumference of one f o o t  

(0.3 meters). 

, Beckett  and S t i t t  (1935)' r e p o r t  t h a t  thel;e a r e  two f lowering per iods  : 

One i n  May and June  and a second 111 September, a l though few pods from the  

September f lowering reached matur i ty .  Hal l  and Long (1921) r e p o r t  t h a t  t h e  

p l a n t  f l owers  a f t e r  r a i n s  r e g a r d l e s s  of t h e  season. 

Unlike the  o t h e r  s p e c i e s  of Asclepias, ,  - A. subu la t a  has  a long ,  s i n g l e  

t a p r o o t  t h a t  does not  appear  t o  be connected wi th  t h e  r o o t s  of o t h e r  p l a n t s  

( H a l l  and Long, 1921).  

This  p l an t  can probably be processed wi th  the  same techniques used t o  . 

process  guayule,  i f  rubber  pro'duction is  t o  emphasized, o r  wi th  techniques  

used to process  g .  l a t h y r i s ,  i f  hydrocarbon content  proves to be t h e  most 

economical.  E x t r a c t i o n  methods have been improved s i n c e  both the  Beckett  and 

S t i t t  s t u d y  (1935) and t h e  Ha l l  and Long s tudy  (1921). 

H a l l  and Long (1921) f i r s t  ex t r ac t ed  t h e  r e s i n s  f r m  the  ground p l a n t  

m a t e r i a l  wi th  ace tone  t o  remove the  r e s i n s  and then e x t r a c t e d  the rubber with 

benzene. Although t h i s  i s  b a s i c a l l y  t he  same procedure a s  those used by 

Buchanan e t  81. (1978a) and Weihe and Niver t  (1980),  t h e  l a t t e r  a r e  more 

s o p h i s t i c a t e d  and undoubtedly would inc rease  t h e  processing y i e l d  and q u a l i t y  

o f  t h e  rubber and hydrocarbon ( see  ~ r o c e s s i n g / ~ e f i n i n g  under guayule s e c t i o n  



.as  we l l  a s  Buchanan e t  a l . ,  1978a).  The Weihe and Niver t  process  has  never 

been used f o r  - A. subu la t a  and t h e r e f o r e  may r e q u i r e  mod i f i ca t i on .  

4.4 Qua l i t y  Parameters  

H a l l  and Long (1921) r epo r t ed  t h a t ' r u b b e r  from Asc l ep i a s  i s  of low qual- 

i t y .  Current  e x t r a c t i o n  and process ing  methods may i n v a l i d a t e  t h i s  observa- 

t i o n ,  but  t h i s  i s  an a r e a  f o r  f u r t h e r  r e sea rch .  A t  p r e sen t ,  t h e  q u a l i t y  of  

t h e  rubber  i s  not  known. 

4.5 Y ie ld s  

Based on t h e  a n a l y s i s  of t h r e e  wild Asc lep ias  s u b u l a t a  p l a n t s  c o l l e c t e d  

i n  Arizona, C a l i f o r n i a ,  and Mexico, t h e  rubber  conten t  was 0.5 t o  6% of t h e  

d r y  p l a n t  weight ,  w i th  a  mean of 2.9% (Becket t  and S t i t t ,  1935). Ha l l  and 

Long (1921) found a  s i m i l a r  range f o r  rubber  c o n t e n t  (hydrocarbon f r a c t i o n  

t h a t  i s  s o l u b l e  i n  benzene a f t e r  ace tone  e x t r a c t i o n ) :  0.8 t o  6.5%. This  

range was found i n  21 acces s ions  from C a l i f o r n i a  and Arizona. . 

Buchanan e t  a l .  (1978a, 1978b) d id  not  s t a t e  t h e  number of acces s ions  

analyzed;  however, t hey  repo,r t  a  1.39% rubber  con ten t  and an  11.4% c o n t e n t  of 

o i l s  and polyphenols.  Cu l t i va t ed  - A. subu la t a  reached i t s  maximum s i z e  i n  3 

yea r s  and its.maximum rubber  con ten t  i n  4  yea r s .  Rubber con ten t  of 15  c u l t i -  

va ted  p l a n t s ,  which wefe harves ted  i n  t h e  dormant season of t h e i r  f o u r t h  

yea r ,  ranged from 1.95 t o  3.76% o f  t h e  d r y  p l a n t   weight (Becket t  and S t i t t ,  

1935). 

The Becke t t . and  S t i t t  experiments  i nd i ca t ed  t h a t  c l o s e l y  spaced p l a n t s  

(u i t h inned ,  rows one f o o t  a p a r t )  produced l a r g e r  y i e l d s  of  rubber  than widely 

spaced p l a n t s  ( p l a n t s  t h r e e  f e e t  a p a r t ,  rows four  f e e t  a p a r t ) :  212 pounds 

per  a c r e  (238 kg/ha) ,  compared with 71 pounds per a c r e  (80 kg/ha) .  These 

s t u d i e s  were based on an experimental  p l o t  of 10 rows, which were 165 f e e t  

(51 m) long.  A 12 f o o t  (3.7 m) s e c t i o n  ac ros s  t h e  rows was sampled. The 



p l a n t s  i n  t he  unthinned p l o t s  were smal le r  i n  s i z e  and weight; however, t h e  

g r e a t e r  number of p l a n t s  i n  t h e  unthinned p l o t s  r e s u l t e d  i n  a h igher  biomass 

pe r  a c r e  y i e l d  than  i n  t h e  p l o t s  wi th  widely spaced p l a n t s .  

The ace tone  e x t r a c t a b l e  f r a c t i o n ,  which i n c l u d e s  t h e  r e s i n s ,  hydrocar- 

bons,  and ca rbohydra t e s ,  ranged from 4.7 t o  18.6% i n  2 1  acces s ions  analyzed 

by H a l l  and Long (1921).  

4.6 F a c t o r s  t h a t  In f luence  Rubber Yie ld  i n  A. subu la t a  

Becke t t  and S t i t t  (1935) found t h a t  t h e  rubber  con ten t  of A. subu la t a  - 
decreased  s i g n i f i c a n t l y  du r ing  f lower ing  and was h i g h e s t  when the  p l a n t  was 

dormant. Experiments f u r t h e r  i nd i ca t ed  t h a t  t h e  p l a n t  can  be s t o r e d  f o r  long 

p e r i o d s  of t ime (two yea r s )  wi thout  a f f e c t i n g  t h e  rubber  con ten t  of t h e  c u t  

p l a n t s  a s  l ong  a s  t hey  are k e p t  d ry  and i n  p a r t i a l  darkness .  It was no t  

s t a t e d  whether o r  n o t  t h e  q u a l i t y  of t h e  rubber  decreased wi th  s to rage .  

Optimum t i m e  of  h a r v e s t  i s  ye t  t o  be determined. The per iod of maximum 

rubber cancene sccui's when t h e  p l a n t  i s  dormant, and t h e  minimum when t h e  

p l a n t  i s  flowering'. Harvest  w i l l  probably occur  between January  and March. 

Of t h e  four  ha rves t  times t h a t  Beckett  and Stitr inv~ntlgeted (January,  

A p r i l ,  J u l y ,  and ~ c t o b e r ) ' ,  ha rves t ed  i n  January and A p r i l  had the  b e s t  

regrowth,  and those  ha rves t ed  i n  October had t h e  worst  regrowth and s u r v i v a l .  

Because t h e  p l a n t s  a r e  dormant u n t i l  A p r i l  o r  May, harvest ' ing w i l l  probably ' 

occur  between January and March. 

A. subu la t a  i s  found growing where temperature  ranges  from 15 t o  120'~ - 
(Becke t t  and S t i t t ,  1935),  however, t h e  temperature  s e n s i t i v i t y  of t h e  p l an t  

has rivt been reported. 



4.8 Agronomy 

Agronomy techniques  have n o t  been c l e a r l y  def ined .  I n  g e n e r a l ,  t h e  

p lan t  w i l l  r e s p r o u t  a f t e r  c u t t i n g ,  seed can be germinated d i r e c t l y  i n  t h e  

f i e l d ,  and unthinned p l a n t s  appear t o  produce t h e  h ighes t  y i e l d s  per a c r e  of 

rubber  and biomass. Attempts t o  v e g e t a t i v e l y  propagate  (buddings,  c u t t i n g s ,  

and root-crown d i v i s i o n s )  t h e  p l a n t  were n o t  success f l l l  (Becket t  and S t i t t ,  

4.9 I r r i g a t i o n  

Water requirements  a r e  no t  known. I n  n a t u r e ,  t h e  p l a n t  i s  found where 

t h e  annual  r a i n f a l l  i s  3.5 t o  8.6 i nches  (9 t o  22 cm), and i t  can wi ths tand  

long pe r iods  of  drought (Ha l l  and Long, 1921).  

I n  t he  Beckett  and S t i t t  s tudy  (1935),  t h e  p l a n t s  were given water  "as  

needed": The amount was .not s ta ' t ed .  Beds were p r e i r r i g a t e d  before  seeding.  

i 

4.10 S o i l  Reauirements 

I n  n a t u r e ,  - A. subu la t a  occu r s  on d r y ,  s t ony  s t ream beds,  which f low only 

a f t e r  t h e  occas s iona l  r a i n s ,  and i n  dep re s s ions  of mesas, where water accumu- 

l a t e s  a f t e r  r a i n s  (Becket t  and S t i t t ,  1935).  

4.11 F e r t i l i z e r  

Nutrien.t  requirements  a r e  unknown, bu t  i t  was observed t h a t  p l a n t s  on 

f a i r l y  f e r t i l e  s o i l  were much l a r g e r  than  those on ba r r en  s l o p e s  (Becket t  and 

S t i t t ,  1935). 



4.12 Diseases  and P e s t s  

A. subu la t a  was found t o  be r e l a t i v e l y  f r e e  of p e s t s  (Becket t  and S t i t t ,  - 
1935);  however, p e s t s  and d i s e a s e s  may be more of a  problem when p l a n t s  a r e  

grown i n  l a r g e r  p l o t s .  Three p e s t s  were observed t o  damage d e s e r t  milkweed: 

1. Aphis n e r i i  -- An aphid t h a t  can cause ex tens ive  damage t o  seed- 

l i n g s .  Probably can  be c o n t r o l l e d  wi th  modern p e s t i c i d e s .  

2. Oncopeltus f a s c i a t u s  -- This  i s  a  sucking i n s e c t  t h a t  f eeds  on t h e  

pods i n  t h e  f a l l  and damages t h e  seeds.  It appears  i n  t he  l a t e  summer 

a f t e r  a m a j o r i t y  of t h e  pods have matured, so it probably w i l l  no t  be a  

problem. 

3.. Uanaus menippe -- Thi s  i s  t h e  monarch b u t t e r f l y ,  o r  milkweed but- 

t e r f l y .  The l a r v a e  caused some damage t o  small  p l an t s .  I n s e c t s  were 

n o t  abundant and probably can be c o n t r o l l e d  wi th  modern techniques.  ( I n  

some a r e a s ,  t h e  monarch b u t t e r f l y  i s  pro tec ted  by law).  

4.13 P o t e n t i a l  C u l t i v a t i o n  S i t e s  

The n a t u r a l  d i s t r i b u t i o n  of - A. subu la t a  extends from southern  Nevada t o  

Baja C a l i f o r n i a ,  Mexico, and from sou theas t e rn  Arizona t o  t h e  c o a s t  of 

sou the rn  C a l i f o r n i a  (Becket t  and S t i t t ,  1935). 

4.14 Breeding P o t e n t i a l  

The p o l l i n a t i o n  mechanism f o r  milkweeds i s  very  complex, and breeding by 

t r a d i t i o n a l  methods i s  l i k e l y  t o  be a  long and d i f f i c u l t  process  f o r  t he  

fo l lowing  reasons:  

1. This s p e c i e s ,  a s  w i th  most o t h e r  milkweeds, w i l l  not s e l f - f e r t i l i z e  

2. A r t i f i c i a l  p o l l i n a t i o n  i s  t ed ious  



3 -  Vegeta t ive  propagat ion of - A. subu la t a  has  n o t  been s u c c e s s f u l ,  t o  

our knowledge. 

Given t h e  above, i t  i s  l i k e l y  t h a t  g e n e t i c  improvement 'using t i s s u e  

c u l t u r e  techniques  w i l l  be more p r a c t i c a l  i n  t h e  long run than t r a d i t i o n a l  

breeding methods. Two s p e c i e s  of  milkweed, - A. s y r i a c a  and - A. t ube rosa ,  have 

been regenera ted  from both t i s s u e  c u l t u r e  and from c e l l  suspension c u l t u r e  

(Groet and Kidd, 1981). It may be p o s s i b l e  t o  use  t h e  same o r  s i m i l a r  media 

f o r  c u l t u r i n g  - A. subu la t a  and r egene ra t i ng  i t .  

According t o  Ha l l  and Long (1921),  t h e r e  a r e  over  100 s p e c i e s  o f  mt1.k- 

weed. It may be pos s ib l e  t o  use  t h e s e  s p e c i e s  a s  sources  of germ plasm f o r  

improving - A. subu la t a .  

4.15 Breeding Goals 

Given t h a t  t h e  h ighes t  percent  rubber  found i n  - A. s u b u l a t a  t o  d a t e  i s  

about 6.5% (Hal l  and Long, 1921) and t h a t  t h e  maximum f o r  guayule  i s  over  20% 

rubber ,  i t  seems c l e a r  t h a t  t h e  rubber  con ten t  of - A.  subu la t a  must be 

increased  s i g n i f i c a n t l y  f o r  t h i s  p l a n t  t o  be  considered a p o t e n t i a l  source  of  

NR. This would probably be t h e  foremost g o a l  of any breeding program. 

L i t t l e  is known about t h e  hydrocarbon q u a l i t y  o r  q u a n t i t y  i n  t h i s  p l a n t .  

However, i f  t h i s  p l a n t  i s  t o  be developed a s  a source  of hydrocarbon, one of 

t h e  breeding g o a l s  wou1.d iindoubtedly be to l n c r e a s e  t h e  amount of hydrocarbon 

i n  t h e  p l a n t .  

The fo l lowing  breeding g o a l s  a r e  simply t h a t  -- goa l s .  It i s  n o t  known 

i f  t h e  n a t i v e  popula t ion  of - A. s u b u l a t a  i nc ludes  any of t h e s e  character1.s- 

t i c s .  

Develop a p l a n t  t h a t  w i l l  s e l f - f e r t i l i z e  -- A s e l f - f e r t i l i z i n g  

p lan t  would be of tremendous b e n e f i t  i n  breeding.  



Develop a p l a n t  t h a t  on ly  f lowers  once a year -- Since  rubber  

con ten t  dec reases  when t h e  p l a n t  f lowers ,  i t  would be an' advantage 

t o  dec rease  t h e  number of f lower ings .  

Extend t h e  r ange  of  - A. s u b u l a t a  -- Cur ren t ly ,  t h e  range of - A. 

s u b u l a t a  i s  about  t h e  same a s  t h e  range of guayule.  However, s i n c e  

t h e  range  of  - A. s p e c i o s a  ex tends  over  most of western North 

America, t h i s  p l a n t  may be a source  of germ plasm f o r  i nc reas ing  

t h e  co ld  t o l e r a n c e  o f  - A. subu la t a .  

Because l i t t l e  i s  known about t h i s , p l a n t ,  i t  i s  d i f f i c u l t  t o  recommend 

s p e c i f i c  b reeding  g o a l s .  

Environmental  Impacts  

W e  know of  no environmental  impacts o t h e r  than those a s s o c i a t e d  wi th  

c u l t i v a t i o n  on d e s e r t  s o i l s .  



5.0 Common Milkweed: Asc lep ias  s y r i a c a  (Asclepiadaceae)  

5.1 Products  

Asc lep ias  s y r i a c a  produces hydrocarbons, some rubber ,  and f i b e r ,  and i t  

has  a high sugar conten t ,  which probahly can  be used t o  produce a l coho l  

(Groet ,  persona l  communication). The hydrocarbon and , rubber  are de r ived  from 

t h e  p l a n t  l a t e x ,  which i s  produced i n  l a c i t i f e r s  of t h e  l eaves  and s t a l k s  

(Wilson and Mahlberg, 1977). The f l o s s  was used f o r  l i f e  p r e s e r v e r s  du r ing  

World War I1 (Berkman, 1949). 

I f  t h i s  p l a n t  is  developed a s  a commercial energy crop,  i t s  hydrocarbon 

product ion  w i l l  probably be emphasized r a t h e r  than i t s  rubber  product ion.  

However, t h e  e a r l y  s t u d i e s  of t h i s  p l a n t  i n v e s t i g a t e d  i t s  p o t e n t i a l  f o r  

rubber product ion.  We have inc luded  t h e s e  s t u d i e s  i n  t h i s  a n a l y s i s .  

5.2 L i f e  Cycle 

Asc lep ias  s y r i a c a  i s . a  pe renn ia l ,  which i s  3 t o  7 f e e t  (0.9 t o  2.1 m)  

h igh  (Ha l l  and Long, 1921). The p l a n t  flowers, i n  mid June t o  ~ u ~ u s t  (Andreas 

and Cooperr ider ,  1980) and produces seed 5 t o  6 weeks a f t e r  f lower ing  (Eve t t s  

and Burnside,  1973b). The seeds  have a dormancy requirement ,  which can be 

broken by a l t e r n a t i n g  tempera ture t i .o r  by k i n e t i n  ,and g i b b e r e l l i c  ac id .  IAA 

( i ndb lc  aceLlc acid) did  not  s t i m u l a t e  germinat iqn (Eve t t s  and Burnside,  

1972). 

This  p l an t  reproduces v e g e t a t i v e l y  by sp rou t ing  from rhizomes. 

5.3, Procetislng/Ref l n i n g  

~ c c o r d i n g  t o  Ro l l i nge r  (pe r sona l  communication), t h e  method of e x t r a c t -  

i n g  t h e  hydrocarbon from Asc lep ias  sp .  i s  i d e n t i c a l  t o  t h a t  of ~ u p h o r b i a  - 



5.4 Q u a l i t y  Parameters  

B a t t e l l e  L a b o r a t o r i e s  p l ans  t o  emphasize t h e  product ion of hydrocarbon 

r a t h e r  than  product ion o f  rubber  from Asc lep ias .  The p r e c i s e  components 

o b t a i n e d  from t h i s  hydrocarbon have not  been def ineh .  

H a l l  and Long (1921) r e p o r t  t h a t  t h e  q u a l i t y  of rubber  from milkweed i s  

poor; however, t h i s  should be reexamined w i t h  c u r r e n t  e x t r a c t i o n  and process-  

i n g  methods. 

5.5 Y ie ld s  

Most of t h e  rubber  i n  A. s y r i a c a  is produced i n  t h e  l eaves ;  t h e  amount - 
i n  t h e  s tems i s  v e r y  low, and t h a t  i n  t he  r o o t s  i s  n e g l i g i b l e  ( H a l l  and Long, 

1921). 

A chemical a n a l y s i s  of  8 acces s ions  of  A. s y r i a c a  (Ha l l  and Long, 1921) - 
found t h e  fo l lowing  range  i n  rubber  conten t :  l e aves ,  0.53 t o  4.4% rubber;  

s tems,  0 . 2 1  t o  0.5% rubber .  From 4 accessio.ns  of p l a n t s ,  t h e  ace tone  ex t r ac -  

tion", which probably i n c l u d e s  r e s i n s ,  hydrocarbons, and some carbohydra tes ,  

ranged from 8.6 t o  11.8% ( l e a v e s )  and from 4.4 t o  11.6% (stems).  Therefore ,  

t he  range of percent  hydrocarbon y i e l d  i s  less than these  va lues .  

Buchanan e t  a l .  (1978a) and Buchanan and Otey (1979) r e p o r t  a d ry  y i e l d  

of 12,329 kg/ha /yr ,  o r  11004 l b s / a c r e / y r ;  and a t ubbe r  y i e l d  of  173 kg/ha /yr ,  

o r  154 l b s / a c r e / y r .  Th i s  paper a l s o  states t h a t  ,the o i l  f r a c t i o n  i s  4.28% 

and t h e  rubber  f r a c t i o n  i s  1.39%. Th i s  paper does not s t a t e  how t h e s e  

biomass v a l u e s  were c a l c u l a t e d  and t h e  experimental  cond i t i ons  used, nor  does 

i t  s t a t e '  t h e  number of acces s ions  analyzed i n  d e r i v i n g  t h e  hydrocarbon and 

rubber  con t e n t .  

According t o  ~ e r k m a n  (1949),  t h e  podshe l l s  of milkweed con ta in  10% wax 

and gums ( t h e  wax i s  s i m i l a r  t o  caranauba wax and has a h igh  mel t ing  p o i n t ) .  

Berkman a l s o  s t a t e s  t h a t  a h ighe r  y i e l d  of f r u i t  is  obta ined  on poor, sandy 

s o i l .  



5.6 Temperature 

Th i s  p l a n t  has  a wide range,  which i n c l u d e s  most of  e a s t e r n  North 

America. Therefore ,  i t s  to l e r ance  t o  temperature  extremes i s  a l s o  wide. For 

example, i t  i s  found growing where t he  mean J u l y  tempera tures  a r e  64 t o  90°F 

(Eve t t s  and Burnside,  1972). 

5.7 Agronomy 

The p l a n t  can be po l l a rded  when i t  i s  7.5 t o  12.0 cen t ime te r s  t a l l  (2 .9  

t o  4.7 inches ,  E v e t t s  and Burnside,  1972). It a l s o  can be po l l a rded  2 t o  3 

t i m e s  per  growing season (Bo l l i nge r ,  pe r sona l  communication). 

J e f f r e y  and Robinson (1971) found t h a t  100 pe rcen t  of t he  p l a n t s  

resprouted  a f t e r  being c l ipped .  As  t h e  age of t he  s eed l ings  i nc reased ,  t h e i r  

a b i l i t y  t o  r e s i r o u t  i nc reased ,  and t h e  t i m e  t o  r e sp rou t  decreased.  

Seed dormancy i s  broken by a few moist  days of low temperature  ( J e f f r e y  

and Robinson, 1971). Seedl ing emergence i s  bes t 'when  seeds  a r e  p l an t ed  1 t o  

2 cen t ime te r s  deep (0.4 t o  0 .8  i nches ) .  

Gaer tner  (1979) r epo r t ed  t h a t  p l a n t s  from seed were s t ronge r  and. more 

p r o l i f i c  than p l a n t s  from running r o o t s  ( v e g e t a t i v e  propagat ion) .  

S l i g h t l y  modifled a l f a l f a  machinery can be used t o  p l a n t  and h a r v e s t  

As lep ias  s y r i a c a  and - A. spec iosa  (Alder ,  pe r sona l  communication). 

F i n a l l y ,  .A. - s y r i a c a  i s  r e s i s t a n t  t o  commonly used h e r b i c i d e s  ( ~ e f f  r e y  

and Robinson, 1971). 

5 .8  I r r i g a t i o n  

A. s y r i a c a  i s  a temperate p l a n t  t h a t  grows c h i e f l y  i n  the  e a s t e r n  United - 
S t a t ~ s .  Eve t t s  and B u r n ~ i d e  (1972) repor ted  t h a t  - A. s y r l a c a  i s  more 



s u s c e p t i b l e  t o  mo i s tu re  stress than kochia ,  suga rbee t s ,  and sorghum, but more 

t o l e r a n t  than  sunf lower ,  honeyvine milkweed, and hemp dogbane. According t o  

Rerkman (1949),  - A. s y r i a c a  r e q u i r e s  20 inches  (51 cm) of r a i n f a l l  per  year .  

A. s y r i a c a  is  a l s o  l i m i t e d  t o  a r e a s  wi th  a t  l e a s t  8  i nches  (20 cm) of r a in -  - 
f a l l  i n  t h e  t h r e e  summer months ( E v e t t s  and Burnside,  1972.). 

, I 

5.9 S o i l / F e r t i l i z e r  Requirements 

Timmons (1946) found milkweed on a c i d i c  s o i l s  i n  no r the rn  Michigan. 

 veti is and Burnside (1972) r e p o r t c d  t h a t  milkweed i s  adapted t o  s o i l s  w i t h  a 

pH range of  4.0 t o  7.0. 

Bhowmik (1978) r e p o r t e d  t h a t  - A. s y r i a c a  germinated b e t t e r  i n  muck o r  

sandy s o i l  t han  i n  c l a y  s o i l .  Berkman (1949) a l s o  r epo r t ed  t h a t  milkweed 

grows w e l l  on sand and g r a v e l ,  however, i t  r e q u i r e s  boron. ~ e r k m a n  recom- 

mended a  complete f e r t i l i z e r ' f o r  common milkweed..  Others  have suggested t h a t  

t h i s  p l a n t  could grow on s o i l  p r e s e n t l y  unsu i t ed  f o r  food c rops  (Buchanan e t  

a l . ,  1978a) .  The fo l lowing  remarks by H a l l  and Long (1921) should be kep t  i n  

mind : 

"Although --.--.. Asc lep i a s  . s y r i a c a  i s  u s u a l l y  r epo r t ed  a s  growing i n  waste  

p l aces ,  t h e r e  i s  no d i r e c t  evidence a v a i l a b l e  t h a t  i t  w i l l  grow on 

s o i l s  unsu i t ed  t o  any o t h e r  crop.  It w i l l  make a b e t t e r  growth 

than  most a g r i c u l t u r a l  p l a n t s  on shal low s o i l  and i n  worn-out pas- 

t u r e s  and w i l l  f l o u r i s h  i n  p l aces  so  s tony  t h a t  c u l t i v a t i o n  i s  

imposs ib le .  But s i n c e  such cond i t i ons  seldom p r e v a i l  over  l a r g e  

a r e a s ,  t h e  compe t i t i on  wi th  o t h e r  c rops ,  such a s  beans and corn,  

w i l l  need t o  'be t aken  i n t o  account." 

Most sources  i n  t h e  l i t e r a t u r e  i n d i c a t e  t h a t  A. s y r i a c a  i s  almost  . - 
e n t i r e l y  f r e e  from d i s e a s e s  and p e s t s .  S ince  t h i s  p l a n t  has never been 



c u l t i v a t e d  on a l a r g e  s c a l e ,  i t s  r e s i s t a n c e  t o  d i s e a s e s  and p e s t s  remains 

uncer ta in .  

5.11 Geographic Range 

A. s y r i a c a  i s  the  most abundant milkweed i n  t h e  e a s t e r n  United S t a t e s  - 
and Canada. It grows from New Brunswick t o  North Caro l ina  and west a s  f a r  a s  

Kansas and Saskatchewan ( I Ia l l  and Long, 1921). 

I .  

5.12 Breeding P o t e n t i a l  

A l l  s p e c i e s  of ~ s c l e ~ i a s  a r e  ve ry  d i f f i c u l t  t o  breed by conven t iona l  

methods because they a r e  a l l  c r o s s  p o l l i n a t e d ,  c h i e f l y  by i n s e r t  p o l l i n a t i o n .  

I f  Asc lep ias  is t o  be bred by convent iona l  methods, breeding techniques  w i l l  

have t o  be developed. According t o  Alder (pe r sona l  communication), no 

r e sea rche r s  a r e  c u r r e n t l y  breeding Asc lep ias .  Genet ic  improvement might be 

achieved through t i s s u e  c u l t u r e  methods. 

! 

Much of t he  pre l iminary  work f o r  t i s s u e  c u l t u r i n g  - A. s y r i a c a  has  been 

completed. Groet and Kidd (1981) have developed media f o r  growing - .  A. s y r i a c a  

and - A. tuberosa  o n ' t i s s u e  c u l t u r e  media and f o r  r egene ra t i ng  t h e s e  c u l t u r e s  

i n t o  p l a n t l e t s .  The next  s t e p  w i l l  be t o  use t h e s e  methods f o r .  t h e  g e n e t i c  

improvement of t h i s  and o t h e r  s p e c i e s  of milkweed. 

5.13 Breeding Goals 

The foremost breeding g o a l  w i l l  be t o  i n c r e a s e  t h e  hydrocarbon y i e l d  of 

A. s y r i a c a .  To d a t e ,  t h e  percent  hydrocarbon of A. s y r i a c a  i s  roughly com- - - 
pa rab l e  with t h a t  of - E. l a t h y r i s .  Biomass y i e l d s  a r e  unknown but  w i l l  prob- 

a b l y  f a l l  w i th in  t h e  range used f o r  t he  a n a l y s l s  of - E.  l a t h y r i s .  Therefore ,  

t he  c h i e f  breeding g o a l  w i l l  be t o  i n c r e a s e  both percent  hydrocarbon y i e l d  

and biomass y i e l d  pe r  a c r e .  I n  a d d i t i o n ,  i f  t h e s e  p l a n t s  a r e  t o  be grown on 

marginal l and ,  tlrougl~t t o l e r a n c e  w i l l  a l s o  be a primary goa l .  It shouid be 
> 



emphasized t h a t  t h i s  i s  a ternpetate p l a n t ;  i t  may be p o s s i b l e  t o  i n c r e a s e  i t s  

drought  r e s i s t a n c e ,  but i t  w i l l  probably no t  be pos s ib l e  t o  make i t  a p l a n t  

adapted  f o r  growth under a r i d  cond i t i ons .  

Other  breeding  g o a l s ,  a s  s t a t e d  i n  t h e  assessment of A.  s u b u l a t a ,  may - 
i n c l u d e  t h e  fol lowing:  

To develop a p l a n t  t h a t  w i l l  s e l f - f e r t i l i z e  

To deve lop  a p l a n t  t h a t  f lowers  once per  season  ( i n  t h e  f a l l )  

5.14 Environmental I m ~ a c t  

According t o  E v e t t s  and Burnside (1972),  A. s y r i a c a  caused a n  average - 
l o s s  i n  y i e l d  of sorghum of  720 kg /ha ly r  (643 l b s / a c r e / y r ) .  I n  a d d i t i o n ,  a s  

t h e  popula t ion  of milkweed inc reased ,  t h e  y i e l d  of sorghum decreased.  

One s t a t e  (Hawaii) has  dec l a r ed  milkweed a naxious weed; however, 

fa rmers  would probably oppose growing t h i s  p l a n t  on a l a r g e s c a l e .  

We know,of no o t h e r  environmental  impacts a s s o c i a t e d  with t h e  c u l t i v a -  

t i o n  of t h i s  p l e n t .  



6.0 Showy Milkweed: Asc lep ias  spec iosa  ( 'Asclepiadaceae) 

6.1 Products  

Asc lep ias  spec iosa  h a s  been cons idered  a s  a p o t e n t i a l  source of rubber  

( H a l l  and Long, 1921) and of hydrocarbon ( P l a n t  Resources I n s t i t u t e ,  1981). 

Both of t h e s e  products  a r e  components of t h e  l a t e x  of t h e  p l an t .  This  p l a n t  

is a l s o  a p o t e n t i a l  sou rce  of f l o s s ,  however, i f  hydrocar60n product ion  i s  

emphasized, t h e  p l a n t  must be ha rves t ed  before  i t  f lowers .  Therefore ,  no , 

seeds  o r  pods and no f l o s s  a r e  produced. 

6.2 L i f e  Cycle 

A. spec iosa  is a pe renn ia l  herb,  which i s  4 t o  6 f e e t  (1.2 t o  1.8 m )  - 
high. It reproduces s exua l ly  by seeds  and v e g e t a t i v e l y  by buds i n  t h e  hor i -  

z o n t a l  r o o t s  (Ha l l  and Long,.1921). 

To e x t r a c t  t h e  hydrocarbon, P l a n t  Resources I n s t i t u t e  (PRI) f i r s t  d r i e d  

and ground t h e  p l a n t .  The hydrocarbon was then  e x t r a c t e d  with hexane i n  a 

Soxhlet  e x t r a c t o r .  

6.4 Qua l i t y  Parameters 
. - 

To ou r  knowledge, t h e  hydrocarbon of t h i s  s p e c i e s  has  no t  been c racked .  

Therefore ,  ' the q u a l i t y  of  t h e  product  and i t s  p o t e n t i a l  u s e s  a r e  no t  known. 

The rubber of milkweeds was r epo r t ed  t o  be of poor q u a l i t y  ( H a l l  and 

Long, 1921),  but 'improved process ing  techniques  may modify t h i s  conc lus ion .  



6.5 Yie ld  

According t o  an a n a l y s i s  of 7 acces s ions  by H a l l  and Long (1921),  t h i s  

s p e c i e s  has  a v e r y  low y i e l d  of  rubber :  stems, 0.19 t o  2.6%; l e a v e s ,  0.99 t o  
1 

3.0%. Because of t h e s e  low y i e l d s ,  t h e  au tho r s  d i smissed  t h i s  p l a n t  a s  a 

p o t e n t i a l  source  o f  rubber .  

A s t u d y  by P l a n t  Resources I n s t i t u t e  (PRI, 1981) i n d i c a t e d  t h a t  t h e  

y i e l d  of hydrocarbon would have t o  be increased  i n  o rde r  f o r  t h i s  p l a n t  t o  

become an economic source  o f  f u e l  and chemical feeds tocks .  Table  6-1 shows 

a c t u a l  y i e l d s  ob t a ined  by PKL on i r r i g a t e d  and ud i r r i gaeed  land ,  and t h e  

p r o j e c t e d  y i e l d s  f o r  a h y p o t h e t i c a l  p l a n t  with increased  biomass and a h igher  

pe rcen t  of hydrocartion .' 

Table  6-1, Y ie ld s  of Asc leg ias  sgec iosa :  Dryland 
Versus I r r i g a t e d  Seedl ings 

*This  p l o t  was i r r i g a t e d  i n  t h e  f i r s t  growing season  but  rece ived  only  
n a t u r a i  r a i n f a l l  i n  t h e  second season. 

I r r i g a t e d  

(Actua l )  
(PRI P ro j ec t ed )  

*Uai r r igaced  

One caveat  should, be  mentioned. Seve ra l  a r t i c l e s  i n  t h e  popular  s c i e n c e  

l i t e r a t u r e  (Savoye, 1980; .Kessler ,  1981) have claimed t h a t  PRI s t u d i e s  have 

ob t a ined  hydrocarbon y i e l d s  of 4.8 b b l l a c r e  and combined alcohol /hydrocarbon 

y i e l d s  of  26 b b l l a c r e .  These y i e l d s  a r e  not supported by PRI's most r e c e n t  
/ 

P r e c i p i t a t i o n  was 11.25 c m  (4.39 inches )  
d e n s i t y  of  hydrocarbon = 0.944 kg11 o r  7.88 l b s l g a l  

- 

P l a n t s /  
Hec ta re  . 

11 1,000 
156,250 

111,000 

Grams/ 
P l a n t  

28 
109 

16 

Tons/ 
Acre 

1.4 
7.6 
- - 

0.8 

% Hydrocarbon 

5.5 
27.5 

810 

~ b i /  
Hectare  

- 

1.14 
31.2 

0.35 

~ b l /  
Acre 

0.46 
12.63 

0 .38 



r e p o r t  (PRI, 1981): The i r  p ro j ec t ed  y i e l d s ,  which a r e  based on a hypothe- 

t i c a l ,  high y i e l d i n g  p l a n t ;  do su rpas s  t he se  claims; .however ,  t h i s  y i e l d  i s  

based on the  fo l lowing  h y p o t h e t i c a l  improvements: 

1. An i n c r e a s e  i n  t he  hydrocarbon con ten t  from t h e  p re sen t  5.3% 

average ( t o  d a t e ,  8% of t h e  populat ion h a s  been found t o  have over  7% 

hydrocarbon con ten t )  t o  27.5%. 

2. An i n c r e a s e  i n  t h e  biomass y i e l d  from t h e  p re sen t  3 , 4  t o n s / a c r e  t o  

7.6 t o n s l a c r e .  . 

3. An i n c r e a s e  i n  t h e  p l an t ing  d e n s i t y  from about  45,,000 p l a n t s / a c r e  

4 .  An i n c r e a s e  i n  t h e  per  p l a n t  weight from 0.06 pounds/plant  t o  0.24 

pounds per  p l a n t .  

Achieving a l l  four  of t h e s e  goa l s  would be very  d i f f i c u l t :  an i n c r e a s e  

i n  p l a n t i n g  d e n s i t y  u sua l ly  reduces  t h e  per  p l a n t  biomass. 

6.6 Temperature 

A. spec iosa  grows i n  a wide geographic  range t h a t  ex tends  throughout  - 
most of western North America ( H a l l  and Long, 1921). Therefore ,  i t  i s  very  

t o l e r a n t  to a wide range of temperatures .  

6.7; Agronomy 

The o,nly r e c e n t  r e sea rch  concerning t h e  c u l t i v a t i o n  0 f .A .  - spec iosa  i s  

~ l l i i L  of t h e  Planf Resources I n s t i t u t e  (PRI, 1981). According t o  t h i s  s tudy ,  

t h e  p l a n t i n g  and h a r v e s t i n g  of milkweed i s  similar to  t h a t  of a l f a l f a ,  and 

a l f a l f a  machinery can be used f o r  milkweed. 



PRI p l a n s  t o  h a r v e s t  t h i s  p l a n t  be fo re  f lowers  and f r u i t s  a r e  formed. 

Once f lower ing  begins ,  t h e  lower l eaves  f a l l  o f f  t h e  stems; t h i s  dec reases  

t h e  biomass and t h e r e f o r e  t h e  hydrocarbon y i e l d .  

I n  a d d i t i o n ,  i f  p l a n t s  a r e  harves ted  be fo re  f r u i t i n g  occurs  t h e  p l a n t s  

w i l l  r e s p r o u t  and produce ano the r  mature c rop  i n  approximately e i g h t  weeks i n  

Utah. I n  c l i m a t e s  w i t h  a longe r  growing season,  a d d i t i o n a l  c rops  w i l l  prob- 

a b l y  be f e a s i b l e .  

Each time t h e  p l a n t  i s  harves ted ,  t h e  number of stems per  p l a n t  

i n c r e a s e s .  Therefore ,  PRI  sugges t s  m u l t i p l e  ha rves t i ng  a s  a means of 

i n c r e a s i n g  biomass y i e l d s .  
C' 

6.8 I r r i g a t i o n  

According t o  H a l l  and Long (1921), t h i s  s p e c i e s  has  ve ry  narrow mois ture  

requi rements ,  even though i t s  geographic  d i s t r i b u t i o n  i s  widespread ( s e e  

s e c t i o n  on Geographic Range). I t  r e q u i r e s  mois t ,  f a i r l y  f e r t i l e  s o i l .  

The r e s u l t s  of a P l a n t  Resources I n s t i t u t e  s tudy  (PRI, 1981) confirm 

t h i s  observa t ion .  I n  e s t a b l i s h i n g  two p l o t s  of  - A. spec iosa ,  PRI p e r i o d i c a l l y  

i r r i g a t e d  t h e  p l a n t s  f o r  t h e  f i r s t  year .  During t h e  second growing season,  

i r r i g a t i o n  was cont inued  i n  one p l o t  and te rmina ted  i n  t h e  o t h e r  p l o t .  Af t e r  

60 days,  t h e  i r r i g a t e d  p l a n t s  produced almost  twice t h e  biomass of t h e  non- 

i r r i g a t e d  p l a n t s .  ,Because t h e  n o n i r r i g a t e d  p l a n t s  produced a h i ~ h e r  percent -  

age of hydrocarbon,' t h e  d i f f e r e n c e  i n  hydrocarbon y i e l d  per  a c r e  appears  t o  

be smal l  (0.38 b b l / a c r e  compared wi th  0.46 bb l / ac re ) .  However, i n  subsequent  

yea r s ,  t h e  biomass y i e l d s  from t h e  u n i r r i g a t e d  p l a n t s  would probably be even . 
lower t han  t h e s e  r e s u l t s  i n d i c a t e .  I n  t h e  second growing season,  t h e r e  was , 
probably a r e se rve  of water  i n  t he  s o i l  a s  a r e s u l t  of i r r i g a t i o n  dur ing  t h e  

f i r s t  growing season. Therefore ,  t h e s e  s t u d i e s  should be extended t o  d e t e r -  

mine whether - A. spec iosa  could  su rv ive  without  i r r i g a t i o n  i n  subsequent 

yea r s .  F u r t h e r ,  i t  is  u n l i k e l y  t h a t  t h e s e  p l a n t s  could be e s t a b l i s h e d  with- 

o u t  i r r i g a t i o n  (Alder ,  pe r sona l  communication) . ' 



6.9 S o i l / F e r t i l i z e r  Requirements 

S p e c i f i c  n u t r i e n t  and s o i l  requirements  f o r  t h i s  p l a n t  a r e  not known. 

P l an t  Resources I n s t i t u t e  used "good farmland" and f e r t i l i z e d  wi th  56 kglha 

(50 l b s l a c r e )  a v a i l a b l e  n i t r o g e n  and.56 kg/ha (50 l b s l a c r e )  a v a i l a b l e  

phosphorus. 

I n  a d d i t i o n ,  Hall  and Long (1921) noted t h a t  t h i s  p l an t  i s  found on 

" f a i r l y  good s o i l . "  

To d a t e ,  PRI has  found t h i s  p l an t  t o  be r e l a t i v e l y  f r e e  from p e s t s .  

R e l a t i v e l y  minor damage has  r e s u l t e d  from Monarch b u t t e r f l y  l a r v a e  browsing, 

and germinat ion of s eed l ings  h a s  been reduced by damping-off ( a  funga l  i n f ec -  

t i o n  t h a t  a t t a c k s  t h e  new shoots  a t  t h e  s o i l  l i n e ;  PRI, 1981). However, t h i s  

p lan t  has  n o t  been c u l t i v a t e d  i n  l a r g e  p l o t s ;  t h e r e f o r e ,  i t  i s  not  known 

whether o the r  pests w i l l  damage t h e  p l an t .  

6.11 Geographic Range 

A. spec iosa  is  t h e  most widely d i s t r i b u t e d  s p e c i e s  of milkweed i n  t h e  - 
western United S t a t e s  and Canada. I t  ranges from Albe r t a  and Minnesota t o  

Iowa, Texas, Arizona, C a l i f o r n i a ,  and B r i t i s h  Columbia. I t  grows i n  a wide 

v a r i e t y  of  environments, from t h e  ho t ,  low v a l l e y s  of S t .  George, Utah, t o  

t h e  moderately coo l  mountain meadows i n  New Mexico (Ha l l  and Long, 1921). 

6.12 Breeding P o t e n t i a l  

The s e c t i o n  , e n t i t l e d  "Breeding P o t e n t i a l "  under Asc lep ias  s y r i a c a  a l s o  

a p p l i e s  t o  - A. spec iosa .  . 



6 .13  Breeding Goals 

The s e c t i o n  e n t i t l e d  "Breeding Goals" under - A. s y r i a c a  a l s o  a p p l i e s  t o  

A. spec iosa .  
A . . 

. I t s  b e s t  u s e  may be a s  a  source of g e r m  plasm f o r  - A'. s ubu la t a ,  espe- 

t i a l l y  f o r  i n c r e a s i n g  i t s  range. 

6 . 1 4  Environmental Impact 

This  p l an t  h a s  been ' c l a s s i f i e d  a s  a  noxious weed i n  some s t a t e s .  How- 

e v e r ,  fo , r  hydrocarbon product ion ,  t h e  p l a n t  i s  harves ted  before  i t  flowers. 

There fo re ,  t h i s  i s  probably no t  a  s i g n i f i c a n t  i n s t i t u t i o n a l  b a r r i e r ,  because 

t h e  crop would be ha rves t ed  before  i t  could spread t o  n e i ~ h b o r i n g  f i e l d s .  

6 .15  Economics 

We have no t  done an economic a n a l y s i s  of t h e  p o t e n t i a l  of - A. spec iosa  as  

a sou rce  of rubber  because ve ry  l i t t l e  information i s  a v a i l a b l e  on y i e l d s .  

Almost no r e s e a r c h  h a s  been d o n e S s i n c e  t h e  192Uis,  probably because i t  

appea r s  t o  have a  'low rubber  con ten t .  

We a l s o  have not  done a  d e t a i l e d  economic a n a l y s i s  of t h i s  p l a n t  a s  a 

source  of hydrodarbon.   his appears  t o  be unnecessary,  given t h a t  t h e  y i e l d s  

of t h i s  p l a n t  a r e  l e s s  than  those  of - E.  l a t h y r i s  grown on i r r i g a t e d  land  i n  

C a l i f o r n i a  and Arizona: - E .  l a t h y r i s ,  0 . 8  b b l  per a c r e  i n  Arizona, and 2 . 4  t o  

2.7 b b l  p e r  a c r e  i n  C a l i f o r n i a ;  A. spec iosa ,  0.46  b b l  per  a c r e  i n  Utah. - 
There fo re ,  t h e  economics of - A. spec iosa  a r e  probably no more f avo rab l e  t han  

t h e  econdmics of - E .  l a t h y r i s .  



7.0 Guayule: Parthenium argentatum (Compositae) 

A tremendous amount of d e t a i l e d  in format ion  has  been publ i shed  on 

guayule.  We have n o t  a t t empted  t o  d u p l i c a t e  t he se  e f f o r t s .  We reviewed the  

a v a i l a b l e  m a t e r i a l ,  and t h e  fo l lowing  overview was used a s  t h e  b a s i s  of ou r  

assessment .  

7.. 1 P roduc t s  

Guayule produces t h r e e  b a s i c  products :  ~ a t u r ' a l  r ubbe r ,  r e s i n s ,  and 

bagasse ( s ee  t a b l e  7-1). The rubber  is  l o c a t e d  i n  i n d i v i d u a l  cel ls  of t h e  

p l a n t ;  t h e r e f o r e ,  t h e  e n t i r e  p l a n t  must be ha rves t ed  t o  o b t a i n  t h e  rubber .  

The r e s i n s  c o n t a i n  low m o l e c u l a r . t e r p e n e s  and e s s e n t i a l  o i l s  such a s  

par thenyl  cinnamate and p a r t h e n i o l ,  b e t a i n e ,  f a t t y  a c i d s ,  and o t h e r  c o n s t i -  

t u e n t s  ( F o s t e r  e t  a l . ,  1979).  It has  been r e p o r t e d  t h a t  t h e  r e s i n s  may be  a s  

important  economically a 6  t h e  rubber  (Yokoyama and Hayman, 1977) ; however, 

accord ing  t o  Lawrence ( p e r s o n a l  communication) of Goodyear, t h e  c o s t  of 

p rocess ing  and r ecove r ing  t h e s e  compounds i s  more than t h e i r  v a l u e  ( s e e  

~ c o n o m i c s  s e c t i o n ) .  

Guayule l e a v e s  con t a in  a  hard wax t h a t  c o n s t i t u t e s  2.5% of t h e  p l a n t  (on 

a  d ry  weight b a s i s ) .  This  wax has  one of t h e  h i g h e s t  mel t ing  p o i n t s  (169°F) 

f o r  a  n a t u r a l  wax (NAS, 1977a).  It has  been suggested a s  a  s u b s t i t u t e  o r  

ex tender  f o r  carnauba wax; however, i t  may not  be economically f e a s i b l e  t o  

recover  because of t h e  smal l  q u a n t i t y  a v a i l a b l e  and t h e  h igh  c o s t  of t h e  

s o l v e n t  e x t r a c t i o n  r equ i r ed  (Fos t e r  e t  a l . ,  1979; Lawrence, pe r sona l  cornmuni- 

c a t i o n ) .  

7.2 Life Cycle 

Guayule is  a  perennia1 , shrub  t h a t  grows t o  about t h r e e . f e e t  i n  h e i g h t .  

It can be po l l a rded ,  and 90 t o  95% of  t h e  p l a n t s  w i l l  r e sp rou t  (D. Johnson, 

"Abbreviated NAS i n  remainder of r e p o r t .  



Table 7-1. Cornponefits of Harvested Guayt~le Shrubs (Dry Weight Basis 
Except for Moisture) 

(from National Academy of Sciences*, 1977a) 

... . - ~ . 

Moisture 

Rubber 

Resins 

Bagasse 

Leaves 

Cork 

Water Solubles 

Dirt and Rocks 

personal communication). The'optimum harvesting sche'dule has not been 

determined, but it probably will be harvested once every 3 to 5 years (see 

Agronomy section). 

Percent 
~ 

45-60 

8-26 

5-1 5 

50-55 

15-20 

1-3 

10712 

variable 

Guayule rubber can be extracted by two methods: solvent extraction or 

agglomeration. The following summary of these processes is from Weihe and 

Nivert (1980). Both of these processes are depicted in figure 7-1. The 

agglomeration method is presently being used in a pilot plant in Saltillo, 

Coahiuia, Mexico. However, both Firestone Natural Rubber and Latex Company 

(Wise, personal communication) and Goodyear Tire Company (Lawrence, personal 

communication) consider both of these processes to be in the development 

stage. 

*Abbreviated NAS in remainder of report. 
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Figure 7-1. ~ u b b e r  Extraction processes for ~ u a y u l e  



For both  processes ,  t h e  fo l lowing  i n i t i a l  s t e p s  a r e  performed. F i r s t ,  

t h e  l e a v e s  must be removed. before  t h e  rubber is  ex t r ac t ed  because they con- 

t a i n  t r a c e  me ta l s  t h a t  promote the ox ida t ion  of t h e  rubber (NAS, 1977a).  It 

has  not  been decided whether o r  not  t h e  shrub w i l l  be d e f o l i a t e d  i n  t he  f i e l d  

o r  i n  t h e  p i l o t  p l a n t .  

The shrub i s  then  ground i n  a hammermill, and t h e  r e s i n s  a r e  ex t raceed  

wi th  ace tone  ( r e s i n  y i e l d  -- g r e a t e r  t han  90%). The ground shrub i s  then  

deso lven t i zed ;  a t  t h i s  p o i n t ,  t h e  water  f l o t a t i o n  ( o r  agglomeration) method 

and t h e  s o l v e n t  e x t r a c t i o n  method d i f f e r .  For t he  water f l o t a t i o n  method, 

t h e  shrub i s  pulped i n '  a water  s l u r r y ,  which goes through s e v e r a l  mixing and 

f l o t a t i o n  s t e p s ,  such t h a t  t h e  rubber agglomerates and f l o a t s ,  and t h e  

bagasse  becomes water-logged and s inks .  Recovered rubber i s  d i s so lved  i n  

hexane and f i l t e r e d  t o  remove deb r i s .  

For t h e  so lven t  e x t r a c t i o n  process ,  t h e  de re s ina t ed  shrub i s  cont inu-  

ous ly  e x t r a c t e d  wi th  hexane. The f i n a l  rubber s o l u t i o n  is f i l t e r e d  and the  

rubber  recovered,  and t h e  bagasse i s  desolvent ized .  

The so lven t  e x t r a c t i o n  process  w i l l  probably be emphasized f o r  commer- 

c i a l  rubber  product ion ,because  the water f l o t a t i o n  method uses  l a r g e  amounts 

of water ,  which i s  s c a r c e .  i n  t h e  southwest.  

The r epor t ed  e f f i c i e n c i e s  of t h e s e  processes  has  va r i ed .  According t o  

F o s t e r  e t  a l .  (1980),  t h e  water  f l o t a t i o n  method recovers  up t o  98.5% of the  

rubber .  However, accord ing  t o  F i r e s t o n e  (Weihe and Nive r t ,  1980).  both of 

t h e s e  processes  recover  about 90% of  t h e  rubber .  

7.4 Q u a l i t y  Parameters  

Guayule rubber  v a r i e s  i n  q u a l i t y  (Tip'ton, personal  communication). 

Therefore ,  b reede r s  must s e l e c t  f o r  guayule wi th  a high q u a l i t y  rubber.  



I n  gene ra l ,  t h e  q u a l i t y  of guayule  rubber  i s  almost equa l  t o  t h a t  of 

Hevea rubber .  T i r e s  c o n s i s t i n g  of  3 0 ' t o  40% guayule rubber  passed a l l  

Department of Transpor- ta t ion tests (Johnson and Hinman, 1980) .  I n  a d d i t i o n ,  

$ t r u c k  t i re  c a r c a s s  made of  100% guayule NR wi th  s y n t h e t i c  t r e a d  was shown 

t o  match Hevea t i r e s  under tests by t h e  O f f i c e  of Rubber Reserve, Camp 
. . 

B u l l i s ,  Texas (NAS, 1977a). 

A s  wi th  Hevea rubber ,  guayule rubber  i s  made up of  long c h a i n s  o f  c i s  - 
1 , 4  i sop rene  u n i t s .  

Unlike s y n t h e t i c  rubber ,  which c o n t a i n s  1 t o  8% poly isoprenes  t h a t  a r e  not  

c i s  1 ,4  - i soprene  u n i t s ,  guayule and Hevea rubber  have o n l y  t h i s  one s t r u c -  

t u r e  (NAS, 1977a). 

I n  Hevea, t h e r e  a r e  two peaks i n  t h e  molecular  weight  of t he se  cha ins :  

; 500,000 and 2,000,000 (Fos t e r ,  1979)'. Guayule has a  molecular  weight of 

1,280,000 (Swanson et a l . ,  19791, 

Hevea l a t e x  i n c l u d e s  p r o t e i n s ,  amino a c i d s ,  and polypept ides  t h a t  acce l -  - 
e r a t e  vu l can i za t ion .  Guayule l a t e x  does not  i nc lude  t h e s e  a c c e l e r a t o r s ,  but  

they can be added. 

. . .. 
Green s t r e n g t h  i s ' a  measure of a rubbe r ' s  s t r e n g t h  du r ing  p roces s ing ,  o r  

how we l l .  a  t i r e  w i l l  hold i t s  shape b e f o r e  vu l can i za t ion .  I t  d o e s  no t  a f f e c t  

t h e  q u a l i t y  of the  f i n a l  product  (NAs, 1977a).  The green  s t r e n g t h  of guayule  

rubber is in t e rmed ia t e  between t h a t  of Hevea and s y n t h e t i c  po ly i sop renes  

(NAS, 1977a) but  it  can be made equa l  t o  Hevea w i t h  a d d i t i v e s  (Warren, per- 

svrlal corumu~iicaLlon). 

The Mooney v i s c o s i t y  of guayule rubber  is equ iva l en t  t o  t h a t  of Hevea 

rubber .  Th i s  index r e f l e c t s  t h e  p l a s t i c i t y  of  a  rubber ,  o r  t h e  amount of 

so f t en ing  r equ i r ed  during m i l l i n g .  



Guayule rubber  i s  a l s o  equa l  t o  Hevea rubber  i n  bu i ld ing  t a c k ,  which 

measures t he  a b i l i t y  of t h e  l a y e r s  of raw rubber t o  s t i c k  toge ther  be fo re  

v u l c a n i z a t i o n .  

The p l a s t i c i t y - r e t e n t i o n  index of guayule  rubber  is  i n  t h e  range of t h a t  

f o r  Hevea rubber .    his measurement r e f l e c t s  t h e  rubbe r ' s  r e s i s t a n c e  t o  ag ing  

and breakdown (Clark ,  1948; NAS, 1977a). , 

Both guayule  and Hevea rubber  a r e  s u p e r i o r  t o  s y n t h e t i c  po ly isoprenes  i n  

a l l  t h e s e  c h a r a c t e r i s t i c s ,  wi th  t h e  except ion  of t h e i r  p l a s t i c i t i e s  (Mooney 

v i s c o s i t y ) .  Therefore ,  t hey  a r e  more d i f f i c u l t  t o  p roces s  t han  s y n t h e t i c  

rubber .  

I n  sum, t h e  e x c e l l e n t  f low and t ack  c h a r a c t e r i s t i c s  of guayule rubber  

should make it s u i t a b l e  f o r  manufacturing tires. 

The r e s i n s  i n  guayule  i nc lude  the  fo l lowing  compounds: e s s e n t i a l  o i l s  

( a  - pinene,  sab inene ,  /3-myrcene, limonene, t e r p i l o l e n e ,  /3-ocimene and 

ocimene; Scora and Kumamoto, 1979),  par thenyl ,  cinnamate and p a r t h e n i o l ,  

b e t a i n e ,  f a t t y  a c i d s ,  and an u n i d e n t i f i e d  wax and o t h e r  chemical co r i s t i t uen t s  

( F o s t e r  e t  a l . ,  1979).  The. h ighes t  use of t h e s e  r e s i n s  i s  probably a s  

t a c i f i e r s  i n  t h e  manufacture of t i r e s  (N ive r t ,  persona l  communication); 

however, they can  a l s o  be cracked and u s e d . a s  f u e l  o r  chemical f eeds tocks .  

(For a  d i s c u s s i o n  of t h e  va lue  of t h e  r e s i n s ,  r e f e r  t o  the;Economic Analys i s  

sect ion. ) 

The bagasse can be burned t o  produce steam and e l e c t r i c i t y  t o  run t h e  

process ing  p l a n t ,  o r  i t  can be used f o r  paper i f  mixed wi th  wood pulp  

(Hanson, pe r sona l  communication). I t  probably a l s o  could be processed t o  

make a l coho l ,  o r  i t  can be r e tu rned  t o  t h e  s o i l  t o  maintain s o i l  f e r t i l i t y .  



b 7.5 Y i e l d s  

I t  is  g e n e r a l l y  b e l i e v e d  t h a t  i n  o r d e r  f o r  guayule  r u b b e r  t o  be economi- 

c a l ,  t h e  p l a n t  must c o n t a i n  20% r u b b e r  (d ry  weight  b a s i s )  and produce 1000 

l b s  of r u b b e r / a c r e / y r ,  o r  1120 kg /ha /y r ,  (Rubis ,  1979a) .  

The e n t i r e  guayu le  p l a n t  must be h a r v e s t e d  i n  o r d e r  t o  e x t r a c t  t h e  rub- 

b e r ,  which accumulates  w i t h  t ime and i s  n o t  metabo l ized  by t h e  p l a n t  once i t  

is  produced. S i n c e  rubber  does  no t  accumulate  a t  t h e  same r a t e  e v e r y  y e a r ,  

h a r v e s t  t i m i n g  i s  c r i t i c a l  t o  t h e  economics o f  guayu le  r u b b e r  p roduc t ion .  

The f o l l o w i n g  y i e l d  d a t a  ( t a b l e  7-2), which appeared i n  F o s t e r  e t  a l .  (1979),  

i s  from U.S. ~ o u s e  o f  R e p r e s e n t a t i v e s  Report  No. 2098. T a b l e s  7-3 and 7-4 

compare t h e  y i e l d s  r e p o r t e d  i n  t h e  1 i t e r ; t u r e .  

Tab le  7-2. Crude-Rubber Y i e l d  With I n c r e a s i n g  Guayule 
Age I n  C a l i f o r n i a  p l a n t a t i o n s  

T o t a l  Rubber Yie ld  Rubber Y i e l d  P e r  Year 

4 1700-2700 900-1600 425-675 225-400 



T a b l e  7-3. Repor ted P e r c e n t  Rubber Y i e l d s  of Guayule 

T a b l e  7-4. Repor ted Rubber Y i e l d s  from Guayule 

I 

Source  

D. Johnson ( p e r s o n a l  
communication) 

T i p t o n  ( p e r s o n a l  
communication) 

C u l t i v a t i o n  
F i e l d  

F o s t e r  (1979) 

whicworrh (1980) 

l ~ a s e d  o n  21  months 
2 ~ a s e d  on 3 3  months 

P e r c e n t  Rubber 

10% 

3-12% 
20% maximum 

8-26% 
" . " A . " .  

4.6-8.7% 

S o u r c e  

F o s t e r  e t  al . ,  1980 x 

D. Johnson ( p e r s o n a l  
communication) 

Meccalfc (i3b3 j 

Hanson e t  a l .  (1979.) 

T a y l o r  (1979) 
( V a r i e t y  593) 

Emergency Rubber P r o j e c t  
(1940 ' s )  

K e l l e y  e t  al .  (1946) 

Age of P l a n t  - y e a r s  

2. 

3  
Unknown 

Not s t a t e d  
- 

2 

Y i e l d  
Lbs/Acre/Year 

500 

500-900 

240-450 

750 
. .....- 

166 

4  30 
( irri .gated) 

- * . .---. 

208 t o  270 
( n s n - i r r i g a t e d )  

767 
I f  .. - 

Mc Callum (1941) 

Tiagey (1952) 

Whi twor th  (1980) 

240 

471 t o  539 
( d e n s e l y  p l a n t e d )  

. . .. . -- 
146 t o  194 

( s p a r s e l y  
p l a n t e d )  

86  t o  391 



Guayule can be harves ted  a f t e r  2 t o  4 yea r s  (D.  Johnson, pe r sona l  com- 

municat ion);  however, most r e s e a r c h e r s  plan, t o  ha rves t  a f t e r  3 t o  4 yea r s .  

  he economics of guayule rubber  can be s i g n i f i c a n t l y  increased  by mowing 

o r  po l l a rd ing  t h e  crop a f t e r  1 t o  2 yea r s  and .only  e x t r a c t i n g  t h e  rubber  from 

t h e  ha rves t ed  shrub;  a l lowing  t h e  stumps t o  r e sp rou t ;  and then h a r v e s t i n g  t h e  

e n t i r e  p l a n t  a f t e r  1 t o  3 years .  According t o  D.  Johnson, y i e l d  can be 

increased  20% by mowing. I n  a d d i t i o n ,  i t  may be pos s ib l e  t o  mow guayule  

twice before  ha rves t i ng  t h e  e n t i r e  crop (Tipton,  persona l  communication). 

Mowing t h e  p l a n t s  and j u s t  p rocess ing  t h e  t ops  may reduce c o s t s .  f o r  

p l a n t i n g  t h e  s eed l ings  and d igging  up t h e  crop. Th i s  w i l l  depend upon t h e  

ha rves t i ng  schedule  chosen. 

Most of t he  rubber  (75 t o  80%) i s  l o c a t e d  i n  t h e  bark* of t h e  branches 

and roo t s ,  wi th  t h e  branches con ta in ing  about  67% of t h e  t o t a l ,  rbbber  

(Hammond and Polhamus, 1965).  There i s  e s s e n t i a l l y  no rubber i n '  t h e  l eaves  

(Hammond and Polhamus, 1965). 

The use of guayule r e s i n s  may be ve ry  important i n  t h e  economics of com- 

m e r c i a l i z a t i o n .  The , r e s i n s  have a  high B ~ U  con ten t  and they  a r e  a l s o  valu- 

ab l e  feeds tocks .  Therefore ,  depending on market cond i t i ons ,  t h e  r e s i n s  could 

be burned t o  run t h e  process ing  p l a n t  o r  s o l d  f o r  feeds tocks .  

The r e s i n s  c o n s t i t u t e  5-15% of  t h e  d ry  p l a n t  weight ( F o s t e r ,  1979) and 

D. Johnson (persona l  communication) has found 10-15% r e s i n s  i n  two-year o l d  

p l a n t s .  Johnson i s  s e l e c t i n g  f o r  both a  h igh  rubber  and r e s i n  y i e l d .  Resin 

cana l s  a r e  l oca t ed  c h i e f l y  i n  t h e  bark ,  a l though they  can occur throughout 

t h e  p l a n t  (Fos t e r  e t  a l . ,  1979). 

* S p e c i f i c a l l y ,  most of t he  ruhhar i n  p l a n t s  o l d e r  than one year  i s  i n  t h e  
vascula r  r a y s  of t h e  phloem and xylem, wi th  smal le r  amounts i n  t h e  primary 
co r t ex ,  , p i t h ,  xylem parenchyma, and e p i t h e l i a l  c e l l s  of t h e  r e s i n  cana l s .  I n  
younger p l a n t s ,  most of t h e  rubber  is i n  t h e s e  l a t t e r  t i s s u e s  (Hammond and 
Polhamus, 1965).  



7.6 F a c t o r s  t h a t  I n f l u e n c e  Rubber Yie ld  i n  Guayule 

I n  gene ra l ,  p e r c e n t  rubber  i n c r e a s e s  i n  response t o  s t r e s s ,  which can 

i n c l u d e  t h e  fol lowing:  

water stress (Hanson e t  a l . ,  1979) 

n u t r i e n t  stress (Tip ton ,  pe r sona l  communication) 

c o l d  stress (Hanson e t  a l . ,  1979). 

The fo l l owing  f a c t o r s  dec rease  rubber  y i e l d  (Hanson e t  a l . ,  1979; 

h igh  i r ' r i g a t i o n  (over  25 i nches  ,per  yea r )  

h igh  p l a n t  growth r a t e s  

- h i g h s o i l s a l i n i t y  

Optimum tempera tures  f o r  r i i h h ~ r  product  ion hove not  been dellem-ined, however, 

i f  teulperatures a r e  so low t h a t  t h e  p l an t  i s  damaged, rubber  does no t  

i n c r e a s e  ( F o s t e r ,  1979).  S i m i l a r l y ,  guayule  can wi ths tand  seve re  water  

stress, but i f  i t  c e a s e s  growing t h e  maximum y i e l d  of rubber  per  p l a n t  w i l l  

no t  be ob ta ined .  The h ighe r  rubber y i e l d s  per p l a n t  have been obta lned  wi th  

shrubs  t h a t  r e c e i v e  l i g h t  i r r i g a t i o n - - i r r i g a t i n g  only  when a l l  t h e  a v a i l a b l e  

mois ture  had been dep le t ed  t o  a  depth of 3 feet--(Hammond and Polhamus, 

1965). These p l a n t s  w e r e  i n t e rmed ia t e  i n  bo th  b i o ~ a s s  and i n  percentage of 

rubbe r ,  but  they had t h e  h i g h e s t  rubber  y i e l d  pe r  acre. 

Rubber y i e l d  i n c r e a s e s  a s  a  func t ion  of chromosomes p lo idy  l e v e l  ( D .  

Johnson; 6. Hanson, pe r sona l  communication). Dip lo ids  have t h e  lowest  rubber  

y i e l d s ,  and y i e l d  i n c r e a s e s  w i th  i n c r e a s i n g  p lo idy  l e v e l s :  t r i p l o i d s ,  t e t r a -  

p l o i d s ,  and hexaplo ids  a r e  a l l  pos s ib l e .  



7.7 Temperature 

Cold t o l e r a n c e  i n  guayule i s  s i g n i f i c a n t l y  a f f e c t e d  by mois ture  a v a i l -  

a b i l i t y  and a c t i v e  growth of t h e  p l a n t .  To t o l e r a t e  low temperafures,  cul-  

t i v a t e d  guayule must be "hardened-of f "  by e l i m i n a t i n g  i r r i g a t i o n  f o r  a per iod 

before  co ld  temperatures  begin. Cold t o l e r a n c e  is  a g e n e t i c  t r a i t  t h a t  c a n .  

be s e l e c t e d  f o r  i i g u a y u l e .  Table  7-5 g i v e s  t he  g e n e r a l  temperature  ranges 

of guayule; however, t h e s e  ranges w i l l  va ry  cons iderab ly ,  depending on 

mois ture  a v a i l a b i l i t y ,  c l ima te ,  s o i l  type,  and s t r a i n  of guayule .  

7.8 Agronomy 

Optimum agronomic p r a c t i c e s  have not  been determined f o r  guayule; 

however, agronomy d a t a  i s  a v a i l a b l e  a s  a r e s u l t  of t h e  ex t ens ive  r e sea rch  

done dur ing  t h e  Emergency Rubber P r o j e c t  (ERP; r e f e r  t o  Hammond and Polhamus, 

1965, f o r  a d e t a i l e d  d i s cus s ion ,  a s  w e l l  a s  McGinnies and M i l l s ,  undated; 

NAS, .  1977a; Fos,ter et a l . ,  1979).  

Agronomy and manag,ement techniques  vary  depending on environmental  con- 

d i t  ions.  I n  Arizona and Texas, guayule  should be p l an t ed  from October t o  May 

o r  June. It should no t  be p lan ted  i n  summer because of problems with s o i l  

pathogens (D.  Johnson, pe r sona l  communication). 

I n  C a l i f o r n i a ,  s o i l  pathogens a r e  less of a c o n s t r a i n t .  However, i t  

appears  t h a t  t h e  dormant o r  win te r  season i s  bes t  f o r  p l a n t i n g  guayule.  I n  

C a l i f o r n i a ,  t h i s  i s  cons idered  t o  be October 15  t o  March 15  (McGinnies and 

M i l l s ,  undated).  



Table 7-5. Temperature S e n s i t i v i t y  of ~ u a ~ d l e  

(1965) and Foster et 

Tipton (personal 
communication) 

Hanson (personal 
communication) 

a few survived 
(Texas) 

no survival 
(California) 

1-4 

(10 



Guayule can be harves ted  year-round because rubber  i s  not metabol ized by 

t h e  p l an t  once produced. I f  t h e  shrubs a r e  t o  be mowed, they should no t  be 

mowed dur ing  t h e  summer i n  Arizona and Texas (D.,Johnson, persona l  communica- 

t i o n ) .  I n  C a l i f o r n i a ,  t h e  bes t  time t o  mow is  t h e  s p r i n g  and f a l l .  w in t e r  

is the worst  time because t he  w in t e r  r a i n s  drown t h e  p l a n t s  (Hanson, pe r sona l  

communication). Genera l ly ,  p l a n t s  begin t o  r e sp rou t  a f t e r  two weeks. 

There do not seem t o  be any s p e c i a l  t e c h n i c a l  problems a s s o c i a t e d  w i th  

mechanical p l a n t i n g  and ha rves t i ng .  

Cur ren t ly ,  guayule  i s  p lan ted  a s  a  s eed l ing ,  which must be s t a r t e d  i n  a  

greenhouse and t h e r e f o r e  i s  more c o s t l y  than d i r e c t  seeding.  Research i s  

being done on d i r e c t  seeding procedures .  D.  Johnson (pe r sona l  communication) 

c o n s i d e r s  d i r e c t  seed ing  t h e  most important problem i n  guayule commerciali- 

z a t  ion .  

The optimum p l a n t i n g  d e n s i t y  has  not  been determined f o r  guayule.  

Tipton has  p lan ted  11,000 p l a n t s  per  a c r e ;  o t h e r  r e sea rches  p l a n t  13,000 t o  

14,000 per  a c r e .  The Emergency.Rubber P r o j e c t  ob ta ined  t h e  h ighes t  y i e l d  pe r  

a c r e  from t h e  most dense ly  p lan ted  s i t e s ,  which were p l an t ed  wi th  1 8 , 0 0 0 . t o  

19,000 p l a n t s  per  a c r e  (McGinnies and M i l l s ,  unpubl ished) .  This  r e s u l t  i s  

probably due t o  s t r e s s e s  caused. by compet i t ion  f o r  water and n u t r i e n t s .  

A h igher  p l an t ing  d e n s i t y  a l s o  reduces t h e  need f o r  h e r b i c i d e s  and i r r i -  

ga t ion ,  bu t  may cause a h igher  r a t e  of funga l  i n f e c t i o n s .  

7.9 I r r i g a t i o n  

Optimum water requirements  w i l l  vary widely between d i f f e r e n t  geographi- 

c a l  a r e a s .  The t iming of i r r i g a t i o n  and p r e c i p i t a t i o n ,  t h e  type  of s o i l ,  t h ~  

c l ima te ,  and t h e  s t r a i n  of  guayule c u l t i v a t e d  w i l l  i n f luence  t h e  t o t a l  amount 

of water  requi red .  This  s e c t i o n  covers  some of t he se  parameters  i n  g e n e r a l ;  

f o r  a  d e t a i l e d  d i s c u s s i o n ,  r e f e r  t o  Hammond and Polhamus (1965).  



With p re sen t  technology,  i r r i g a t i o n  w i l l  probably be requi red  i n  a l l  

p o t e n t i a l  c u l t i v a t i o n  a r e a s ,  except  f o r  p o r t i o n s  of  C a l i f o r n i a  and south  

Texas ( F o s t e r  e t  a l . ,  1979) .  I n  f a c t ,  a l l  experiments  t o  grow guayule com- 

m e r c i a l l y  have i n d i c a t e d  t h a t  i r r i g a t i o n  w i l l  be r equ i r ed .  

However, s e v e r a l  r e s e a r c h e r s  a r e  experimenting wi th  dryland c u l t i v a t i o n  

of  d e s e r t  shrubs ( F e l k e r ,  Goodin, McKell; persona l  communications). Th i s  

technology is  unproven t o  d a t e ,  but even i f  i t  i s  p o s s i b l e ,  i t  i s  c e r t a i n  t o  

r e s u l t  i n  extremely reduced y i e l d s .  Whether o r  not  t h e  dec rease  i n  t h e  c o s t  

of pumping i r r i g a t i o n  wa te r  w i l l  compensate f o r  reduced y i e l d s  of rubber  

remains t o  be determined.  

Guayule has  two r o o t  systems: sha l low s u r f a c e  r o o t s  c o l l e c t  warer from 

r a i n  showers, and a  t a p r o o t  c o l l e c t s  deep moisture  from t h e  s o i l .  The tap- 

r o o t  p e n e t r a t e s  14 t o  16 f e e t  (4 .3  t o  4.9 m)  by the sec6nd season and evert- 

t u a l l y  r eaches  dep ths  o f  20 f e e t ,  o r  6.1 meters  (Fos t e r  e t  a l . ,  1979). 

I n  g e n e r a l ,  guayule r e q u i r e s  a t  l e a s t  15 i nches  (39 cm) of water  pe r  

year  f o r  growth, and 20 i nches  (51  cm) appears  t o  be about optimum f o r  rubber  

product ion  (a l though,  aga in ,  t h e s e  va lues  w i l l  va ry  cons ide rab ly  depending on 

t h e  c n n d i t i n n s )  . 
Optimum v e g e t a t i v e  growth i s  usua l ly  no t  found wi th  maximum rubber  con- 

t e n t  of t h e  shrub  ( F o s t e r  e t  a l . ,  1979). During t h e  ERP i t  was found t h a t  

d ry land  shrubs  had a  h ighe r  percentage of rubber ,  bu t  they were sma l l e r  than 

i r r i g a t e d  shrubs  ( F o s t e r  e t  a l . ,  1979). A s  a r e s u l l ,  the rubber  y i e l d s  were 

h ighe r  from i r r i g a t e d  p l o t s .  I n  a d d i t i o n ,  i r r i g a t e d  p l o t s  can be p l an t ed  

more dense ly  t han  d ry l and  p l o ~ s ,  which f u r t h e r  i nq reases  t h e  p o t e n t i a l  y i e l d .  

High l e v e l s  of water  can i n c r e a s e  funga l  i n f e c t i o n s  (D.  Johnson, T ip ton ,  

pe r sona l  communications; Hammond and Polhamus, 1965). However, drought  

i n j u r y  can a l s o  i n c r e a s e  s u s c e p t i b i l i t y  t o  d i s e a s e  (Fos t e r  e t  a l . ,  1979). 



Water a v a i l a b i l i t y  i s  p a r t i c u l a r l y  c r i t i c a l  f o r  seed germinat ion:  Irri-  

ga t ion  should be f r equen t  (Fos t e r  e t  a l . ,  1979).  

The timing of i r r i g a t i o n  is  a s  important  a s  t h e  amount. The i d e a l .  

appears  t o  be p e r i o d i c  r a i n s  ( o r  i r r i g a t i o n )  du r ing  l a t e  w in t e r ,  s p r i n g ,  and 

e a r l y  s u m m e r .  Late  summer and f a l l  should be d ry ,  e s p e c i a l l y  where w in t e r  

f r o s t  damage i s  a  problem. The b e s t  cond i t i ons  a r e  f o r  t h e  s o i l  mois ture  t o  

be reduced slowly dur ing  t h i s  time s o  t h a t  t h e  shrub has time t o  "harden-off" 

o r  go i n t o  a  dormant s t a g e  (Fos t e r  e t  a l . ,  1979). These cond i t i ons  i n c r e a s e  

both co ld  t o l e r a n c e  and rubber  product ion.  

1 

7.10 S o i l  Requirements 

Guayule i s  very  s e n s i t i v e  t o  s o i l  cond i t i ons .  It does w e l l  on sands tone  

and l imestone s o i l s  (Hanson e t  a l . ,  1979a).  Genera l ly ,  th6  s o i l  should be 

permeable, wel l -drained,  and wel l -aera ted .  Heavier  s o i l s  wi th  slow d ra inage  

may i n c r e a s e  funga l  i n f e c t i o n s  (Harnmond and Polhamus, 1965). I n  west Texas, 

Tipton (pe r sona l  communication) l o s t  a lmost  an e n t i r e  experimental  p l o t  due 

t o  charcoa l  r o t .  The dra inage  was very poor i n  t h i s  f i e l d  because of a  h igh  

c l a y  con ten t .  D .  Johnson (pe r sona l  communication) a l s o  l o s t  some p l a n t s  t o  

charcoa l  r o t ;  however, on ly  p l a n t s  r e c e i v i n g  high i r r i g a t i o n  t r ea tmen t s  (30 

inches ,  o r  0.8 meters )  were a f f e c t e d .  

Guayule i s  not  h igh ly  t o l e r a n t  of high s o i l  s a l i n i t y ,  e s p e c i a l l y  dur ing  

germiiiaLion (Hammond and Polhamus, 1965).  It t o l e r a t e s  up t o  0.3% s a l i n i t y ;  

growth is  seve re ly  r e t a r d e d  a t  0.3% t o  0.6%, and a t  g r e a t e r  than 0.6%, t h e  

p l a n t  w i l l  not  su rv ive  (Hammond and Polhamus, 1965). 

7.11 F e r t i l i z e r  

P r e c i s e  n u t r i e n t  requirements  a t e  no t  known a t  t h i s  time; however n u t r i -  

en t  s t r e s s  may i n c r e a s e  rubber  product ion (D.  Johnson, persona l  communica- 
1 

t i o n ) .  Guayule appears  t o  have low n u t r i e n t  requirements  (Hammond and 



Polhamus, 1965; NAS, 1977a; F o s t e r  e t  a l . ,  1979). However, ' i f  a l l  of t he  

l e a v e s  and bagasse a r e  removed and used dur ing  process ing  ( a s  i s  c u r r e n t l y  

p lanned) ,  a n  i n c r e a s e  i n  t h e  u s e  of f e r t i l i z e r s  w i l l  a lmost  c e r t a i n l y  be 

r e q u i r e d .  

No p e s t i c i d e s  o r  h e r b i c i d e s  a r e  r e g i s t e r e d  f o r  u se  on guayule.  
- 

Herb ic ides  are very  important  i n  t h e  f i r s t  year  of c u l t i v a t i o n  t o  he lp  

t h e  p l a n t  compete a g a i n s t  weeds. Guayule i s  very  shade i n t o l e r a n t  and i s  

h i g h l y  s u s c e p t i b l e  t o  weed competi t ion.  D..Johnson (pe r sona l  com~un icac ion )  

u s e s  1 p i n t  ~ r e f l a n / a c r e  and 1 pound ~ i u r o n / a c r e ;  t h e , t o t a l  c o s t  i s  about $10 

r o  $11 pe r  acre. Thc c f f s c t  of these compou'nrls nn n ~ h h e r  y i e l d s  i s  unknown. 
\ 

  ow ever ,' Rubis (1979b) is  i n v e s t i g a t i n g  t h e  use o f  d i n i  t r o a n i l i n e s  a s  herb i -  

c i d e s  f o r  guayule.  The seed l ings  w i l l  t o l e r a t e  t h e s e  compounds; however,, 

Rubis r e p o r t s  t h a t  t h e y  a r e  o n l y  50 t o  60% e f f e c t f v e  on weeds. 

S o i l  f ung i  t h a t  have been r epo r t ed  t o  i n f e c t  and damage guayule l ~ ~ c l u l l e  

Sc le ro t ium b a t a t i c o l a *  (Fos t e r  e t  a l . ,  1979) ,  Phytophthora d r e c h s l e r i ,  

~hyma to t r i chum omnivorum, Pythium ultimum, and V e r t i c i l l i u m  albo-atrum. 

Fungal d i s e a s e s  a r e  b e s t  c o n t r o l l e d  by breeding f o r  r e s i s t a n c e  and by 

management techniques  t h a t  he lp  prevent  i n f e c t i o n ,  such a s  c o n t r o l l i n g  s o i l  

mo i s tu re ,  main ta in ing  adequate  d ra inage ,  and pruning (Fos t e r  e t  a l . ,  1979; 

Hammond and Polhamus, 1965).  

Seve ra l  i n s e c t s  and o t h e r  p e s t s  have been i d e n t i f i e d  (McGinnies and 

M i l l s ,  undated) o n  guayule.  So f a r ,  t h e s e  p e s t s  have no t  c r e a t e d  a  s e r i o u s  

problem ( F o s t e r  e t  a l . ,  1979),  a l though grasshoppers  and lygus bugs have been 

a  s e r i o u s  problem i n  l i m i t e d  a r e a s  (Hammond and Polhamus, 1965). When 

* ~ a c r o ~ h o m i g a  p h a s e o l i  is  t h e  pycn id i a l  form of t h i s  fungus (Hammond and 
Polhamus, 1965).  It has  been observed by T i p t o n . ( p e r s o n a l  communication). 



C guayule i s  grown commercially, p e s t s  may be more of a  problem, but commerci- 

a l l y  a v a i l a b l e  p e s t i c i d e s  and i n s e c t i c i d e s  should be a b l e  t o  provide c o n t r o l  

(NAS, 197 7a) . 

I n s e c t  pe s t s ,  such a s  lacebugs,  t h r i p s ,  l oope r s ,  and mi tes  have been a  

problem i n  t h e  greenhouse c u l t i v a t i o n  of s eed l ings  (Hammond and Polhamus, 

1965).  T ip ton  (pe r sona l  communication) has  had good succes s  wi th  broad spec- 

trum i n s e c t i c i d e s  such a s  d iaz inon ,  mala th ion ,  and calthane., 

7.13 P o t e n t i a l  C u l t i v a t i o n  S i t e s  

According t o  ~ o s t e r ' ,  e t  a l .  (1979),  f o u r  reg ions  have p o t e n t i a l  f o r  com- 

merc ia l  c u l t i v a t i o n :  1 )  C a l i f o r n i a  r a i n f a l l  product ion a r ea s :  c o a s t a l  

v a l l e y s ,  R ive r s ide  and nor thern  Sacramento Val ley;  2 )  warm i r r i g a t e d  a r e a s ,  
#' 

i nc lud ing  warmer and d r i e r  p a r t s  of  ~ a l i f o r n i a ,  Arizona, New Mexico, and 

nor thern  Rio Grande Val ley i n  Texas; 3 )  Texas r a i n f a l l  farming a r e a s ,  and; 4)  

t h e ' s o u t h e r n  t i p  of Texas. F igure  7-2 shows t h e  a r e a s  i d e n t i f i e d  by t h e  

Nat iona l  Academy of Sc iences  a s  p o t e n t i a l  guayule c u l t i v a t i o n  s i t e s .  

7.14 Breeding P o t e n t i a l  

The p o t e n t i a l  f o r  g e n e t i c a l l y  improving guayule through s e l e c t i o n  

appears  t o  be good. 

The d i p l o i d  number (2N) .of chromosomes i n  guayule  i s  36. A d i p l o i d ,  o r  

2N, p l an t  . r e s u l t s  from t h e  fu s ion  of an egg c e l l ,  contair i ing one set of  

chromosomes ( N ) ,  w i th  a  pollen- c e l l ,  which a l s o  con ta in s '  a  complete s e t  of 

chromosomes (N). 

I n  guayule ,  po lyplo idy  i s  common i n  n a t u r e  i nd  i s  very impvrtant i n  rub- 

ber  product ion and breeding.  A polyplo id  p l a n t  has  some m u l t i p l e  of t h e  N 

number of  chromosomes. Therefore ,  a  t r i p l o i d  (3N) has  3  s e t s ,  a  t e t r a p l o i d ,  

t 
4 s e t s ,  and a  hexaploid,  6  sets. I n  guayule,  po lyplo ids  a r e  found a t  a l l  of 

t h e s e  l e v e l s ,  and p l a r ~ t s  wi th  36, 54,  72  and 108 chromosomes have been found. 



100 30 0 100 200 - - 1 

SCALE OF MILES 

F-gure 7-2. Suita.ble Areas for the Cul.tivation of Guayale 

) TEMPERATURES 

Final seleclion of planfing areas 
was made South of the hewy line 
which indicates climat c limitations 

Areas suitable for Guayale production 

(from Nat~onal Academy 
of Sciences, 1977) 

b 



I n  f a c t ,  accord ing  t o  F o s t e r  e t  a l .  (1980),  a  guayule p l a n t  wi th  144 chromo- 

somes (8N) h a s  been developed through breeding .  Polyploidy can be induced 

wi th  a chemical c a l l e d  co l ch i c ine .  

Polyploidy i s  important i n  guayule because r e s e a r c h e r s  (Hanson, persona l  

communication; D.  Johnson, persona l  communication) have observed a  c o r r e l a -  

t i o n  between rubber product ion and p lo idy  l e v e l :  The h igher  the p lo idy  

l e v e l ,  t h e  higher  t h e  rubber  con ten t  of t h e  p l a n t .  

Polyploids  a r e  important i n  guayule breeding f o r  another  reason.  They 

reproduce almost exc lus ive ly  by a  type  of asexua l  reproduct ion  c a l l e d  apo- 

mixis .  I n  apomic t ic  f lowers ,  seeds  a r e  formed, but t hey  a r e  not t h e  r e s u l t  

of an egg c e l l  f u s i n g  wi th  a  p o l l e n  c e l l .  I n  f a c t ,  a n  apomic t ic  seed  i s  the  

exac t  genotype of t he  paren t  p l an t .  Because apomic t ic  f lowers  a r e  d i f f i c u l t  

t o  d i s t i n g u i s h  from sexua l  f l ower s ,  breeding guayule i s  cha l l eng ing .  

Apomici t ic  f lowers ,  however, a r e  important  f o r  guayule breeding because 

t h e y  ensure  t h a t  a  p l a n t  wi th  s u p e r i o r  c h a r a c t e r i s t i c s  w i l l  breed t r u e .  I n  

p l a n t s  t h a t  do no t  produce apomic t ic  f lowers ,  s e l e c t i o n  f o r  p l a n t s  t h a t  breed 

t r u e  is  a  very  lengthy  process .  

~ i g h  rubber  y i e l d i n g  p l a n t s  can be i d e n t i f i e d  by t h e i r  common morpholog- 

ica l .  c h a r a c t e r i s t i c s :  l e a f  m a r g i ~ a  t h a t  a r e  e n t i r e  o r  have two t e e t h ,  and an 

i n f lo re scence  a x i s  with t h e  branch extending beyond t h e  main a x i s  of t h e  

i n f l o r e s c e n c e  (Mehta e t  a l . ,  1979).  P l a n t s  w i th  t h e s e  c h a r a c t e r i s t i c s  aver- 

age 17% rubber ,  while  t h e  range f o r  guayule i s  5 t o  19% ( t h e s e  s t u d i e s  were 

based on 87 samples of guayule and - P. incanum (mar io la )  c o l l e c t e d  a t  random 

from 53 l o c a t i o n s  d i s t r i b u t e d  throughout t h e  range of guayule i n  Mexico). 

Guayule a l s o  h a s  a l a r g e  source of  germ plasm, which i n c r e a s e s  i t s  

breeding p o t e n t i a l .  Guayule is  c l o s e l y  r e l a t e d  t o  s e v e r a l  o t h e r  s p e c i e s  of 

Parthenium, and i t  hybr id i ze s  with a l l  of them, i nc lud ing  - P. incanum, - P. 

tomentosum, - P. stramonium (sometimes c a l l e d  P. tomentosum va r .  stramonium) - 
and - P. hysterophorus.  These hybr ids  a r e  more vigorous and d i s e a s e  r e s i s t a n t  

than guayule,  but so  f a r ,  they  a l s o  have a  lower rubber con ten t .  P l a n t  



b r e e d e r s  a r e  a t t empt ing  t o  produce hydr ids  t h a t  combine a l l  of t he  d e s i r e d  

q u a l i t i e s ;  v igo r ,  d i s e a s e  r e s i s t a n c e ,  h igh  rubber  q u a l i t y  and q u a n t i t y ,  co ld  

t o l e r a n c e ,  e t c .  

Guayule i s  e s s e n t i a l l y  a n  undomesticated s p e c i e s ,  and breeding w i l l  t a k e  

t ime. According t o  D. Johnson (pe r sona l  communication), t h e  p l a n t  must be a t  

l e a s t  3 y e a r s  o l d  be fo re  t h e  con ten t  and q u a l i t y  of  rubber  can be determined. 

I t  w i l l  probably t ake  a t  l e a s t  10 yea r s ,  o r  perhaps 20 yea r s ,  before  improved 

v a r i e t i e s  a r e  developed ( F o s t e r  e t  a l . ,  1979).  

7.15 Breeding Goals 

Breeding g o a l s  should emphasize t h e  fol lowing:  

Inc rease  t h e  y i e l d  o f  rubber  per  p l a n t ,  both by i n c r e a s i n g  t h e  

percent  of rubber  and i n c r e a s i n g  t h e  biomass per  p l a n t .  

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

S e l e c t  f o r  h igh  q u a l i t y  rubber  

S e l e c t  f o r  c o l d  t o l e r a n t  s t r a i n s  

7.16 Environmental I m ~ a c t s  

One p o s s i b l e  environmental  c o n s i d e r a t i o n  i s  t h e  use of p l a n t  growth reg- 

u l a t o r s  (PGRs) i n  i n c r e a s i n g  rubber  product ion of guayule.  PGRs, such a s  

2-(3, 4-dichlorophenoxy) t r i e t h y l a m i n e ,  a r e  c h l o r i n a t e d  hydrocarbons, which 

a r e  known t o  be extremely p e r s i s t a n t  compounds when r e l ea sed  i n t o  t h e  envi- 

ronment. 

I n  a d d i t i o n ,  Parthenium hysterophorus,  one of t h e  s p e c i e s  t h a t  hydr i -  

d i z e s  w i th  guayule ,  c o n t a i n s  o l e o r e s i n s  t h a t  can cause s eve re  r e s p i r a t o r y  and 

dermato logica l  r e a c t i o n s  (Fos t e r  e t  a l . ,  1980). 



7.17 The Elas tomer  Market 

Guayule rubber  w i l l  have t o  compete i n  t h e  e l a s t o m e r  market bo th  w i t h  , 

n a t u r a l  rubber  (NR) from Hevea b r a s i l i e n s i s  and wi th  s y n t h e t i c  r u b b e r s .  

T a b l e  7-6 l i s t s  t h e  key p r o p e r t i e s  of b o t h  n a t u r a l  r u b b e r s  and of t h e  t h r e e  

s y n t h e t i c  rubbers  t h a t  comprise  t h e  b u l k  of t h e  s y n t h e t i c  r u b b e r  market :  

s t y r e n e  bu tad iene  (SBR), which amounts t o  57% of s y n t l ~ e t i c  p r o d u c t i o n ,  poly- 

bu tad iene ,  16%,  and b u t y l ,  17% (Larsen ,  1980).  

Tab le  7-6. Key P r o p e r t i e s  of Var ious .Rubbers  

P r o p e r t y  

Green S t r e n g t h  
( p s i )  

P r o c e s s i n g  Ease 
(Hevea = 100)  

 ensile S t r e n g t h  
( p s i )  

Tack 
(Hevea = 100)  

N a t u r a l  Rubbers I S y n t h e t i c  Rubbers 

b o u r c . :  L a r s e n  (1980) 

Hevea 

The most impor tan t  p r o p e r t i e s  f o r  q u a l i t y  rubber  a r e  g r e e n  s t r e n g t h  and 

, t a c k .  Guayule rubber  i s  somewhat lower t h a n  IIevea rubber  i n  n a t u r a l  g r e e n  

s t r e n g t h ,  bu t  can b e  made i t s  e q u a l  w i t h  a d d i t i v e s .  No s y n t h e t i c  h a s  been 

Guayule 

developed t h a t  comes n e a r  NR i n  g r e e n  s t r e n g t h .  Green s t r e n g t h  is c r u c i a l  i n  

s t i c k i n g  raw t i r e s  t o g e t h e r ,  e s p e c i a l l y  r a d i a l s  (Warren, p e r s o n a l  communica- 

S t y r e n e  
Butadiene 

(SBR) 

t i o n ) .  Consequently,  r a d i a l  t i r e s  a r e  30 t o  40% NR. Guayule rubber  a l s o  h a s  

good f l e x  c a p a b i l i t y ,  a p p e a r s  t o  be b e t t e r  t h a n  Hevea r u b b e r , a t  r e t a i n i n g  

P o l y b u t a d i e n e  Buty l  
I 

shape  a f t e r  de format ion ,  and h a s  low h e a t  b u i l d u p  under  s e v e r e  f l e x i n g .  T h i s  

l a s t  c h a r a c t e r i s t i c  i s  c r u c i a l  f o r  t i r e s  used w i t h  a i r p l a n e s ,  heavy equip- 

ment, and t r u c k s .  Use of guayu le  rubber  i n  a  5000-pound ear thmover  t i r e  i n  
I 
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p l a c e  of Hevea rubber  has  demonstrated t h a t ,  un l ike  s y n t h e t i c  rubber ,  guayule 

may be s u b s t i t u t e d  f o r  Hevea (anonymous, 1 9 8 0 ~ ) .  C 

Presen t  and p r o j e c t e d  U.S. rubber  consumption is  shown i n  t a b l e  7-7. 

Th i s  i n d i c a t e s  t h e  con t inu ing  demand f o r  NR.  The p r i c e  of t i r e  grade n a t u r a l  

rubber  i n  e a r l y  J anua ry  1981 was 58 c e n t s  per  pound, wh i l e  SBR was about  50 

c e n t s  per pound (Nive r t ,  pe r sona l  communication). For h igher  grade r ibbed 

smoked s h e e t  rubber ,  t h e  p r i c e  i s  c u r r e n t l y  about  66 c e n t s  per  pound (Wall 

S t r e e t  J o u r n a l ,  March 16 ,  1981).  Th i s  p r i c e  has  been dropping f o r  about  a  

year .  It r e f l e c t s  t h e  d e c l i n i n g  demand f o r  rubber  due t o  t h e  worldwide 

economic slowdown and h i g h  p r i c e s  f o r  v e h i c l e  f u e l s ,  which reduce t h e  v e h i c l e  

mi l e s  t r a v e l e d  and t h e r e f o r e  t h e  demand f o r  r a d i a l  t i r e s .  

Tab le  7=7. U . S .  RuLbr~  Cu l~su~uyLlu~~  ( l a  000 toils) 

I 

F o s t e r  e t  a l . '  (1979) p r o j e c t e d  t h a t  worldwide demand f o r  n a t u r a l  rubber  

Rubber Type Year 

would exceed supply by 20 t o  35% i n  t h e  year  2000. 
1 

N a t u r a l  Rubber 

SBR, Polybutadiene and poly isoprene  

6 t h e r  

TOTAL 

l ~ u b b e r  World, May 1980 

2 ~ a s e d  on Forecas t  of I n t e r n a t i o n a l  I n s t i t u t e  of S y n t h e t i c  Kubber 
Producers  - 

Assumes Natura l  Rubber = 25% of T o t a l  Demand. 

1978l 

750 

1853 

580 

3182 

1 9 9 0 ~  

1008 

2277 

74 7 

4032 

20002 

1265 

2783 

1014 

5062 

- -  



f o r e c a s t  es t imated  world consumption i n  2000 t o  be 113 l e s s  than t h e  e a r l i e r  

f o r e c a s t  (S i eve r s ,  1980) .  I f  t h i s  f o r e c a s t  i s  c o r r e c t ,  then  t h e r e  w i l l  be no 

s h o r t f a l l ,  and U.S. year  2000 requirements  w i l l  he 25% lower than p ro j ec t ed  

i n  t a b l e  7-6. This  is  s t i l l  a  50% inc rease  i n  t o t a l  consumption over t h e  

next 20 years .  Ching (1980) f o r e c a s t s  a  39% i n c r e a s e  i n  NR p roduct ion  

between 1980 and 1990. It i s  reasonable  t o  assume t h a t  a t  l e a s t  a n  11% 

i n c r e a s e  i n  product ion  w i l l  occur  from 1990 t o  2000. However, a  s h o r t f a l l  i n  

t h e  Hevea n a t u r a l  rubber supply could r e s u l t  from d i s e a s e  i n f e s t a t i o n  o r  from 

p o l i t i c a l  i n s t a b i l i t y  i n  producing c o u n t r i e s  ( s e e  next s e c t i o n  -- Supply 

Cons idera t ions) .  The energy saved by us ing  guayule NR i n  t h e  event  of an  NR 

s h o r t f a l l  i s  d i scus sed  i n  t he  appendix 1 a t  Llie end of t h i s  s e c t i o n .  The 

demand f o r  NR w i l l  remain high,  and t h e r e f o r e ,  t h e  commercial succes s  of 

guayule rubber  depends on p r i ce .  

7.18 Supply Cons idera t ions  

Rubber i s  a  s t r a t e g i c  m a t e r i a l .  It i s  on t h e  l i s t  of m a t e r i a l s  be ing  

cons idered  by t h e  Reagan a d m i n i s t r a t i o n  f o r  s t o c k p i l i n g  (B lunde l l ,  1981) and 

t h e  Federa l  Emergency Management Agency has  proposed a  10 year  $200 m i l l i o n  

development program ( s e e  s e c t i o n  1.0 on FEMA under Government Agency Sup- 

.. por t ) .  

A t  p r e sen t ,  n a t u r a l  rubber  is  suppl ied  mostly from s o u t h e a s t  Asia,  wi th  

Afr ica  being t h e  second most important  source .  The p o l i t i c a l  s e c u r i t y  of 

t he se  supp l i e s  i s  not assured  f o r  t h e  fol lowing reasons:  There was r e c e n t l y  

a  m i l i t a r y  'coup i n  L i b e r i a ,  which i s  one of t h e  p r i n c i p a l  Af r i can  producers .  

There is a  cont inued low l e v e l  t h r e a t  of i n s u r r e c t i o n  from communist guerri1.- 

l a s  i n  Malayasia,  t h e  l ead ing  rubber  producer.  I n  t h e  event  of major war- 

f a r e ,  i t  i s  l i k e l y  t h a t  t h e  s ea  l a n e s  provid ing  s u p p l i e s  would be c lo sed .  

Another t h r e a t  t o  cont inued s u p p l f e s  of NR i s  t h e  South American Leaf 

Bl igh t .  Large s c a l e  prodbc'tion of Hevea rubber  i s  almost  completely absen t  

i n  Braz i l  due t o  t h i s  fungus,  even though Hevea o r i g i n a t e d  from B r a z i l .  I f  

t h i s  fungus ever  spread  t o  o the r  producing a r e a s ,  rubber  product ion would 

probably be s e v e r e l y  decreased .  



7.19 Economic Ana lys i s  

The c o s t  of growing guayule  i s  not  w e l l  de f ined ,  i n  p a r t ,  because the  

h a r v e s t  c y c l e  h a s  n o t  been determined.  It may be t h r e e ,  f ou r ,  o r  f i v e  y e a r s ,  

o r  even longer  w i t h  p o l l a r d i n g .  The c o s t  s t u d i e s  performed t o  d a t e  (such a s  

Fos t e r  e t  a l . ,  19'79) have assumed an annual  y i e l d  of 500 pounds.per  a c r e .  I n  

f a c t ,  t h e  World War I1 ERP almost  reached t h i s  l e v e l ,  which i s  h a l f  t h e  

1000-pound goa l .  As  evidenced by t h e  ten-fold i n c r e a s e  i n '  NR y i e l d s  from 

Hevea ( Imle ,  1978) i t  i s  p o s s i b l e  t o  i n c r e a s e  y i e l d s  of  whole-plant hydro- 

carbons .  It i s  u n l i k e l y  t h a t  i n c r e a s e s  i n  guayule w i l l  be t h i s  g r ea t* ,  

however, 1 ,000  pounds per  a c r e  seems a  r e a l i s t i c  long-term goa l .  (U.S.D.A. 

a n t i c i p a t e s  t h a t  t h e i r  c e r t i f i e d  guayule seed w i l l  y i e l d  500 l b s / a c r e / y e a r . )  

Without any a g r i c u i t u r a l  p r o f i t ,  c o s t s  were es t imated  ae 34 t o  50 celtLs pei. 

pound a t  a  y i e l d  of  500 pounds per a c r e  (Fos t e r  e t  a l . ,  1979).  Th i s  va r i a -  

t i o n  i s  p a r t i a l l y  due t o  d i s p a r i t i e s  i n  land a ~ d  wacer cusLs. 

What would t h e  c o s t s  be f o r  1 ,000  pounds of guayule rubber  pe r  a c r e ?  

Th i s  depends on t h e  land  chosen and t h e  po r t i on  of t h e  expenses t h a t  do no t  

v a r y  wi th  y i e l d .  We e s t ima ted  t h e s e  i n v a r i a n t  c o s t s  a t  one-third of t o t a l  

expenses -- t h i s  is a  conse rva t ive  e s t i m a t e  t h a t  assumes the  above e s t i m a t e s  

af  a g r i c u l t u r a l  c o s t s  a r e  c o r r e c t .  Adding a  farming p r o f i t  of $50 per  a c r e ,  

we e s t i m a t e  t h e  c o s t  t o  be from 34 t o  46 c e n t s  per pound. Process ing  c o s t s ,  . 

i n c l u d i n g  a 12% p r o f i t  on t o t a l  expend i tu re s ,  have been e s t ima ted  a s  28 t o  38 

c e n t s  ( i n  1980 d o l l a r s ;  F o s t e r  e t  a l . ,  1979). We e s t i m a t e  product ion c o s t s  

of  guayule  rubber  f o r  1,000 pounds per  a c r e  t o  be 62 t o  84 c e n t s  per  pound 

(based on sum of a g r i c u l t u r a l  c o s t s  p lu s  processtng c o s t s ) .  

*Guayule y i e l d s  may never  r each  Hevea y i e l d s  f o r  s e v e r a l  reasons :  1 )  Hevea 
t r e e s  a r e  commercially product ive  f o r  35 t o  40 yea r s .  Extremely high produc- 
i n g  p l a n t s  (8000 l b s  per  a c r e )  can be developed by g r a f t i n g  a  robus t  roo t  
s t o c k  o n t o  a  hlgh-producing t runk ,  and g r a f t i n g  a  d i s e a s e  r e s i s t a n t  canopy 
onto  t h i s  t runk .  Therefore ,  each tree i s  de r ived  from 3 g e n e t i c a l l y  d i s t i n c t  
trees. Th i s  kind of h o r t i c u l t u r a l  engineer ing  would never be economical f o r  
guayule .  2 )  Hevea has  few d i s e a s e  problems i n  producing c o u n t r i e s  such a s  
Malaysia  because it o r i g i n a t e d  i n  B r a z i l ,  and t o  d a t e ,  t h e  d i s e a s e s  of Hevea 
have not  reached s o u t h e a s t  Asia . '  Conversely,  guayule is  s u s c e p t i b l e  t o  
s e v e r a l  d i s e a s e s  i n  i t s  n a t i v e  southwestern United S t a t e s .  



There a r e  t h r e e  important byproducts from guayule: r e s i n s ,  l e a v e s ,  and 

pulp. Resin product ion is  es t imated  a t  0.45 pounds per pound of rubber  

( F o s t e r  e t  a l . ,  1979). There i s  cons ide rab l e  deba te  over t he  va lue  of t he se  

r e s i n s .  Some e x p e r t s  c la im t h e y  can be used a s  t a c k i f i e r s  and t h e r e f o r e  have 

a  high va lue  ( c u r r e n t l y  34 c e n t s  per  pound -- Niver t ,  persona l  communica- 

t i o n s ) .  o t h e r s  c la im they  a r e  worth no more than  nava l  s t o r e s ,  o r  s i g n i f i -  

c a n t l y  less than 34 c e n t s  per  pound ( F o s t e r  e t  a l . ,  1979).  A more conserva- 

t i v e  e s t i m a t e  is  t o  eva lua t e  r e s i n s  based on t h e i r  va lue  when cracked and 

used a s  f u e l ,  o r  1 2  c e n t s  per  pound, which i s  equa l  t o  t h e  p r i c e  of c rude  

o i l .  Since o u r , a n a l y s e s  a r e  based on o i l  p r i c e s  between $60 and $80 per  

b a r r e l  ( p r o j e c t e d  year  2000 p r i c e s ) ,  t h e  equ iva l en t  va lue  of r e s i n s  would be 

20 cen t s  per pound. Therefore ,  a t  $60 per b a r r e l  of o i l ,  t h e  r e s i n s  would 

have a  va lue  of 9  c e n t s  per  pound of rubber .  

The h i g h e s t ' v a l u e  of guayule  l eaves  may be a s  f e r t i l i z e r ,  however, a  

conserva t ive  assumption is  t h a t  t h e  l e a v e s  w i l l  be blended wi th  pulp and used 

f o r  b o i l e r  f u e l .  The l a t t e r ,  valued-  e q u i v a l e n t  t o  c o a l ,  would be worth about 

4  cen t s  per pound of guay.ule rubber .  We e s t ima te  t he  t o t a l .  byproduct va lue  

i n  2000 year  t o  bc 13 c e n t s  per  pound of guayule ,  which reduces ne t  c o s t s  t o  

49 t o  71 cen t s  per  pound. 

Current p r i c e s  of . rubber  a r e  5.0 c e n t s  f o r  t i r e  grade SBR and 58 c e n t s  

f o r  Hevea n a t u r a l  rubber  (Niver t ,  pe r sona l  cbmmunication). IIowever, SBR 

p r i ce s  w i l l  r i s e  s u b s t a n t i a l l y  due t o  i nc reased  petroleum p r i c e s .  SBR 

product ion r e q u i r e s  about 27,500 Btu  of  petroleum per  pound of rubber  and an  

a d d i t i o n a l  10,800 BLu per pound of o the r  l e s s  expensive f u e l s  (Gaines and 

Shen, 1980). Ea r ly  1981 p r i c e s  of 50 c e n t s  per  pound SBR were based on 

average U.S. petroleum p r i c e s  of about  $30 per b a r r e l .  A r i s e  t o  $60 per  

b a r r e l  t h e r e f o r e  would be expected t o  r a i s e  t h e  p r i c e  of SBR by 17 c e n t s  a  

pound t o  67 cen t s  per  pound. Therefore ,  guayule rubber  with es t imated  c o s t s  

of 49 t o  71 c e n t s  per  $ound should be economically compet i t ive  w i t h  SBR a t  I .  . 
pro jec ted  year  2000 pr ices .*  

*This a n a l y s i s  is f a r  more p e s s i m i s t i c  f o r  economic p rospec t s  t han  Weihe and 
Niver t  (1980).  They e s t i m a t e  c o s t s  of p roduct ion  a t  58 t o  606 p e r  pound 
wit.h byproduct c r e d i t s  of a lmost  30C per  pound. 



7.20 Energy Ana lys i s  

There a r e  t h r e e  ways f o r  guayule rubber  product tan  t o  save  energy: 1 )  

from replacement of s y n t h e t i c  rubber  i n  t h e  event  of an Hevea rubber sho r t -  

f a l l ,  2 )  from d i r e c t  s u b s t i t u t i o n  f o r  s y n t h e t i c  rubber ,  and 3) from energy 

c o n t e n t  o f  byproducts.  A s h o r t f a l l  i n  Hevea NR would maximize t h e  p o t e n t i a l  

energy sav ings  from guayule  NR. S u b s t i t u t i o n  of guayule  f o r  s y n t h e t i c  rubber  

r e q u i r e s  t h a t  t h e  p r i c e  of  guayule rubber  be about  t h e  same o r  lower t han  

. s y n t h e t i c .  A s  d i s c u s s e d  i n  t h e  economics s e c t i o n ,  i t  i s  l i k e l y  t h a t  t h e  

p r i c e  of SBR w i l l  exceed t h e  c o s t  of guayule rubber  by year  2000. However, 

n a t u r a l  rubber ,  because of i t s  premium q u a l i t i e s ,  w i l l  probably r e t a i n  a  

p r i c e  premium over  SBR, a l though t h a t  d i f f e r e n c e  could be q u i t e  smal l  (1 o r  2  

cents per pound) .* Urlder t h e s e  cond i t i ons ,  t h e  i n t r o d u c t i o n  of g l ~ a y u l e  rub- 

ber  i n t o  t h e  market w i l l  r e s u l t  i n  some r educ t ion  of SBR and Hevea demand. 

The  net r educ t ion  of t o t a l  rubber  demand w i l l  be s l i g h t l y  l e s s  than 1 pound 

per  pound of guayule rubber  produced. To determine t h e  maximum energy sav- 

i n g s  from t h i s  s u b s t i t u t i o n ,  w e  assume a  pound f o r  pound replacement of SRR. 

F i n a l l y ,  t h e  energy  c o n t e n t  of t h e  byproducts  must be inc luded .  

1 

Figure  7-3 u u ~ l i i l c s  the  p ~ o c c o o  and energy reql.1ir~rn~nt.s for  t he  groduc- 

t i o n  of SBR (Gaines  and Shen, 1980). By ana lyz ing  t h e  s t y r e n e  and butad iene  

product ion  processes  and assuming a l l  exogenous f u r l  I ~ l p u t s  can be providcd 

by nonpetroleum products ,  w e  e s t ima te  t h a t  t h e s e  energy i n p u t s  can be appor- 

t i oned  a s  27,500 Btu per  pound of petroleum and 10,000 Btu per  pound of  o t h e r  

f u e l s .  

Figure 7-4 i s  a  flow diagram of a  hypothe t ica1 ,guayule  e x t r a c t i o n  p l a n t  

cons ide red  i n . t h i s  a n a l y s i s  with a  rubber  c a p a c i t y  of 25 m i l l i o n  pounds per  

yea r .  I f  w e  assume t h a t  pulp and l e a v e s  are combined and used f o r  f u e l ,  then  

1.95 pounds of  r e s i d u e  and 6.45 pounds u1  rlesiil a r e  available f u r  uacll p ~ c i i ~ d  

of guayule  rubber  a f t e r  p rocess ing .  A g r i c u l t u r a l  r e s idue  t y p i c a l l y  has  a  

energy con ten t  of about  7,000 Btu per  pound, and t h e  r e s i n  a  value of 16,000 

Btu per  pound (Warren, pe r sona l  communication). 'The t o t a l  energy va lue  of - 
*The va r ious  rubbers  a r e  c l o s e  s u b s t i t u t e s .  A s  t h e  p r i c e  of SBR r i s e s  near  
t h e  p r i c e  of  NR, NR would be s u b s t i t u t e d  f o r  SBR. Thus, t he  high p r i c e  of 
SBR would i n c r e a s e  demand f o r  NR and r a i s e  t h e  py ice  of NR. 



COLD EMULSION 

TOTAL = 38,283 Btu/lb SBR 

(from Gaines and S hen, 1980) 

Figure 7-3. Principal Inputs in the Production of Styrene Butadiene Rubber (SBR) 



PULP 

Plan t  Capac i t j :  25 m i l l i o n  pounds per  year  

1 I 
(from Foster et al., 1979) 

Figure 7-4. Flow Diagram of Guayule Rubber Extraction Plant 



t h e s e  byproducts i s  20,850 Btu per  pound of guayule  rubber:  7,200 .Btu i s  a  

d i r e c t  petroleum replacement.  

The energy r equ i r ed  t o  produce guayule rubber  i nc ludes  t he  energy t o  

r a i s e  t he  crop and t o  process  t h e  shrub.  A l l  p rocess ing  requirements  a r e  met 

by burning t h e  pu lp  ( f i g u r e  7-4). A g r i c u l t u r a l  requirements  have been e s t i -  

mated a t  11,000 Btu per  pound of guayule  rubber  (Weihe and N l v e r t ,  1980) .  

Table  7-8 shows t h e  energy ba lance  f o r  guayule rubber .  The sav ings  a r e  

not i n s i g n i f i c a n t ,  and v i r t u a l l y  a l l  ne t  sav ings  a r e  due t o  the  energy saved 

by s u b s t i t u t i n g  guayule f o r  SBR. For example, i f  on ly  h a l f  t h e  guayule sub- 

s t i t u t e s  f o r  SBR, petroleum sav ings  dec rease  40%, and t o t a l  energy dec reases  

45%. 



Table 7-8.  Energy Balance' of Guayule Rubber 

,Products 

Guayule Rubber ( a s  a 
pound f o r  pound SBR 
s u b s t i t u t e )  

Resin 

Residue 

TOTAL 
- 

Requirements 

Agricultural  

Processing 

TOTAL . 

Net Gain Per Pound 

~ e t '  i n  .Barrels of O i l  
Equivalent per Acre 

Petroleum (Btu) 

27,500 

- 
7., 200 

- 

34,700 

7,000 

Total  Energy (Btu) 

38,300 

7 ,200 

13,650 

59,150 
--.-- 

11,000 

met by residue 

7 , Cr013 

27,700 

4.8 

. ..., . > .- 

11.000 

48,150 

8.7 

... ~ 



Appendix 1. Guayule Rubber Energy Savings  i n  t h e  Event 

of a  N a t u r a l  Rubber S h o r t f a l l  

Two r e p o r t s  ( F o s t e r  e t  a l . ,  1979; NAS, 1977a) have p r e d i c t e d  a s h o r t f a l l  

i n  t h e  s u p p l y  o f  n a t u r a l  rubber  d u r i n g  t h e  n e x t  20 y e a r s .  The f o l l o w i n g  i s  

a n a l y s i s  of t h e  energy impact of a  s h o r t f a l l  o c c u r r i n g  i n  y e a r  2000. 

I n  t h e  e v e n t  of a  n a t u r a l  rubber  (NR) s h o r t f a l l ,  t h e r e  would e i t h e r  be 

r a t i o n i n g  o r  t h e  p r i c e  would rise d r a m a t i c a l l y .  I n  b o t h  c a s e s ,  NR would be 

used p r i m a r i l y  f o r  e s s e n t i a l  u s e s :  m i l i t a r y  a p p l i c a t i o n s ;  t i r e s  f o r  t r u c k s ,  

a i r p l a n e s ,  and heavy equipment;  and c r i t i c a l  i n d u s t r i a l  p r o d u c t s .  NR f o r  

automotive  tires would, t h e r e f o r e ,  comprise  a  s u b s t a n t i a l  p o r t i o n  of t h e  

s h o r t f a l l .  

N a t u r a l  rubber  is a  c r i t i c a l  i n g r e d i e n t  i n  r a d i a l  t i r e s ,  which c o n t a i n  

30 t o  40% (Warren, p e r s o n a l  communication).  I t  i s  a l s o  a  key component i n  

s t a n d a r d  and q u a l i t y  b e l t e d  t ires.  Q u a l i t y  b e l t e d  t i r e s  c o n t a i n  15% of t h e  

rubber  a s  NR (Warren, p e r s o n a l  communication). I t  i s  p o s s i b l e  t o  make a 

b e l t e d  t i r e  w i t h  NR, bu t  t h e  t i re  l i f e  would be s u b s t a n t i a l l y  reduced 

(Warren, p e r s o n a l  communication).  T a b l e  A-1 l i s t s  t i r e  l i f e  f o r  a  q u a l i t y  

b e l t e d  t i r e ,  a  s t e e l  b e l t e d  r a d i a l ,  and an a l l  s y n t h e t i c  t i r e .  

Tab le  A-1. Expected Mi les  P e r  T i r e  L i f e t i m e  

R a d i a l  t i r e s  i n c r e a s e  g a s . m i l e a g e  by 5 t o  7% o v e r  b e l t e d  t i r e s  (Warren, 

S t e e l  B e l t e d  Radial** 

Q u a l i t y  B e l t e d  Tire** 

A l l  S y n t h e t i c  B e l t e d  T i r e  
-.. 

**Source, S e a r s  Winter  1980-81 C a t a l o g .  
L 

p e r s o n a l  communication).  Average annua l  v e h i c l e  m i l e s  t r a v e l e d  a r e  c u r r e n t l y  

44,000 

35,000 

22,000 



10,800 and a r e  no t  expected t o  change s i g n i f i c a n t l y  i n  the  next 20 y e a r s  

( M i l l a r ,  persona l  communication), and average  veh ic l e  f u e l  consumption i n  

year  2000 i s  e s t ima ted  t o  be 338 g a l l o n s  (M.  Mi l l a r ,  pe r sona l  comrnunicatlon). 

I f  an NR s h o r t f a l l  occurs  and r a d i a l s  a r e  unava i l ab l e ,  t h e ' a n n u a l  energy con- 

sumption would i n c r e a s e  t o  355 g a l l o n s ,  i f  d r i v i n g ' p a t t e r n s  a r e  he ld  cons t an t  

and r a d i a l s  a r e  assumed t o  i n c r e a s e  g a s  mileage by 5%.  

Based upon c u r r e n t  t i r e  weights and t r e n d s ,  t h e  t y p i c a l  year  2000 t i r e  

i s  expected t o  weigh 20.5 pounds, of which 17.5 pounds i s  rubber .  The non- 

rubber  .components a r e  steel' and t h e  nylon cas ing .  I n  s t e e l  be l t ed  r a d i a l s ,  

t h e  s t e e l  con ten t  i s  about  1.5 pounds and, i t  is about 0.5 pounds i n  h e l t e d  ' 

t ires (Gaines ,  pe r sona l  communication). Only t he  energy con ten t  of  nylon i s  

inc luded .  The t i r e  components aud t h e i r  petrolcum c o n t e n t s  are found i n  

t a b l e  A-2 f o r  r a d i a l  tires w i t h  30% t o t a l  weight NR and f o r  q u a l i t y  b e l t e d  

t i r e s  con ta in ing  10% and 15% NR. Zinc oxide i s  assumed t o  have no energy 
b 

c o n t e n t ,  and compounding chemicals  a r e  es t imated  t o  r e q u i r e  t he  same amount 

of  energy a s  o i l .  Carbon b l ack  i s  c u r r e n t l y  made krom o i l  but i t  can a l s o  be 

made from c o a l .  

The e s t ima ted  f u e l  s av ings  from r a d i a l s  i s  17 g a l l o u s  per a u e a m o b l l ~  per  

year,  A t  t h e  expected annual  mi les  t r a v e l e d ,  each t i re  should l a s t  about 

f o u r  yea r s ,  OP one ~ l r e  per year w i l l  nood t o  he t ~ p l a c e d ,  One r a d i a l  

r e q u i r e s  6 . 2  pounds of NR. Therefore ,  product ion of guayule r u d l a l s  i n s t e a d  

of b i a s  t ires r e s u l t s  i n  a  s av ings  of 2.75 g a l l o n s  of  g a s o l i n e  per pound of 

guayule  rubber.  I nc lud ing  a  r e f i n e r y  e n e r g y . l o s s  f a c t o r  of lo%,  t h i s  i s  

equa l  t o  380,000 Btu. 

There a r e  al.so energy sav ings  from t h e  increased  t i r e  l i f e  of r a d i a l s  

and d i r e c t  s u b s t i t u t i o n  of NR f o r  SBR. The 6.2 pounds of NR d i r e c t l y  sub- 

s t i t u t e s  f o r  6.2 pounds of SBR. I n  a d d i t i o n ,  ba s i c  r a d i a l s  a r e  es t imated  t o  

l a s t  twice a s  l ong  a s  a l l  s y n t h e t i c  tires. Therefore ,  t h e  u se  of r a d i a l  

t i r e s  w i l l  save  t h e ' m a t e r i a l s  i n  t a b l e  A-1 p l u s  nylon. Nylon has an energy 

c o n t e n t , o f  90,000 Btu per  l b  -- 38,000 ~ t b  of which i s  o i l  (Gaines and Shea, 

1980) -- al'though nylon can a l s o  be made frbm'biomass.  The t o t a l  energy  sav- 

i n g s  i s  98,000 Btu of petroleum and 36,000 Btu of o t h e r  f u e l s  per  pound of 

guayule.  



Table A-2. Estimated Average Passenger  T i r e  Rubber and 
Compounding Cons t i t uen t s  f o r  Year 2000 T i r e s*  

*Based on Bradley e t  a l .  (1979) 

Weight i n  Pounds 

There is a l s o  a  s l i g h t  energy sav ings  from guayule byproducts -- about  

9,850 Btu per  pound -- l e s s  than h a l f  of which i s  petroleum. 

Cons t i t uen t  

Hevea Natura l  
Rubber 

SBR 

Carbon Black 

O i l  

Compounding 
Chemicals 

Zinc Oxide 

The t o t a l  s av ings  per pound of guayule ,  t h e r e f o r e ,  i s  520,000 Btu, of 

which 475,000 Btu is  petroleum. A t  a  y i e l d  of 1000 pounds per a c r e ,  t h i s  i s  

an  energy sav ings  equ iva l en t  t o  90 b a r r e l s  of o i l ,  81  b a r r e l s  of which would 

a c t u a l l y  be o i l .  ( I f  nylon and carbon b lack  product ion were no t  made from 

o i l ,  s u b t r a c t  5 b a r r e l s ) .  

~ a d i a l  T i r e  

30% NR 

6.2 

2.5 

5.0' 

3  .o 

0.3 

0.5 

hnother  og t ion ,would  be t o  diverL more NK from r a d i a l s  t o  make q u a l i t y  

b e l t e d  t i r e s .  For be l t ed  t i r e s  con ta in ing  10% NR, i t  would r e q u i r e  d i v e r t i n g  

t h e  NR i n  1.7 r a d i a l s  t o  save  t he  NR i n  one r a d i a l  t i r e .  For b e l t e d  t i r e s  

con ta in ing  1.5% NR, t h i s  d i v e r s i o n  f a c t o r  r i s e s  t o  2.67. Therefore ,  based on 

f u e l  s av ings  a lone ,  d i v e r t i n g  NR from r a d i a l s  t o  q u a l i t y  b e l t e d  t i r e s  

r e q u i r e s  a  s u b s t a n t i a l  i n c r e a s e  i n  petroleum use: over  75,000 Rtu per  pound 

Bel ted T i r e  

10% NR 
- 

2.1 

6.6 

5 .O 

3 .o 

0.3 

0.5 

Energy Content:  Btu per  
' pound 

15% NR 

3.1 

5.6 

5 .O 

3  .o 

0.3 

. . 

0.5 

O i l  

-- 

27,000 
... 

24,000 

20,000 

20,000 

-- 

Non-Oi 1 

-- 

10,800 

-- 

-- 

-- 

- - 



o f  NR f o r  10% NR b e l t e d  t i r e s ,  and over  1 , 0 0 0 , 0 0 0  Btu per pound for 15% NR 

b e l t e d  t i r e s .  C l e a r l y ,  from an energy s tandpoint ,  production o f  a l l  syn- 

t h e t i c  t ires would be p r e f e r a b l e  t o  d i v e r t i n g  NR from r a d i a l  t i r e s  t o  q u a l i t y  

b e l t e d  t ires .  



8.0 *Rabbit Brush: Chrysothamnus nauseosus (Compositae) 

8.1 Products  

Rabbit  brush produces rubber ,  which i s  loca t ed  i n  t h e  i n d i v i d u a l  c e l l s  

of  t he  p l an t .  As  wi th  guayule ,  r a b b i t  brush rubber  i s  n o t  der ived  from 

l a t e x .  The p l a n t  a l s o  produces r e s i n s  and f i b e r ,  a l though i t  i s  not  known 

whether t he se  products  would be commercially u s e f u l .  

8.2 L i f e  Cycle 

Rabbit  brush i s  a  pe renn ia l  shrub wi th  numerous branches.  The shrub has  

s e v e r a l  t r unks  t h a t  o r i g i n a t e  from a s i n g l e  base and a  deep t a p r o o t ,  which 

normally has few main l a t e r a l s .  

P a r t  of t h e  p l an t  d i e s  back each yea r ,  bu t  t h e r e  i s  a  n e t  ga in  i n  wood. 

The p l a n t  grows from seed and reaches  m a t u r i t y  i n  s i x  t o  e i g h t  years .  The 

f lowering season extends from August t o  October.  

The rubber  i s  produced i n  i n d i v i d u a l  c e l l s  of t h e  p l a n t ;  t h e r e f o r e ,  t h e  

e n t i r e  p l an t  must be harves ted ,  f i n e l y  ground, and e x t r a c t e d .  Hal l  and 

Goodspeed (1919a) e x t r a c t e d  the  r e s i n s  wi th  ace tone  and the  rubber with 

benzene. Cur ren t ly ,  improved process ing  methods used f o r  guayule could 

probably be  used, 'w i th  mod i f i ca t i ons  , f o r  - C. nauseosus . 

The young stems, l e a v e s ,  and a1.l but t h e  uppermost p a r t  of  t h e  r o o t s  do 

not  c o n t a i n  rubber .  Therefore ,  t h i s  m a t e r i a l  would no t  be processed. Most 

of  t h e  rubber  i s  l o c a t e d  i n  t he  o l d e r  p o r t i o n s  of t h e  stems and r o o t s .  

*Unless o therwise  i n d i c a t e d ,  t he  source  . for  t h e  m a t e r i a l  i n  t h i s  s e c t i o n  was 
Ha l l ,  and Goodspeed (1 91 9a). 



The p l a n t  can he s t o r e d  f o r  a t  l e a s t  10 months wi th  minimal l o s s  of 

rubber .  

8 .4  Q u a l i t y  Parameters  

According t o  Ha l l  and Goodspeed, t he  rubber  from r a b b i t  brush i s  of 

cons ide rab ly  h igher  q u a l i t y  than t h a t  from guayule.  There i s  no evidence 

g iven  f o r  t h i s  s t a t emen t .  I n  a d d i t i o n ,  i t  would have t o  be confirmed by 

us ing  t h e  processing techniques  a v a i l a b l e  today. Hal l  and Goodspeed a l s o  

s t a t e  t h a t  r a b b i t  brush rubber  vu lcan izes  ' e a s i l y .  

8.5 Y i e l d s  

Chrysothamnus nauseosus has  no t  been c u l t i v a t e d  i n  l a r g e  experimental  

p l o t s ,  t o  our  knowledge. Therefore ,  t h e r e  a r e  no accu ra t e  d a t a  a v a i l a b l e  on 

y i e l d s .  However, some gene ra l  comments can be made. 

The p l a n t s  a r e  3 t o  8 f e e t  i n  both he ight  and width,  however, p l a n t s  

have been. found t h a t  a r e  16  f e e t  i n  he igh t .  The fol lowing va lues  f o r  average 

percent  rubber  con ten t  of  d i f f e r e n t  v a r i e t i e s  of Chrysothamnus nauseosus a r e  

based'  on an a n a l y s i s  of over  180 p l a n t s :  

C.  nauseosus va r .  ho lo leucus  -- 2.83% - 

C.  nauseosus v a r .  p i n i f o l i u s  -- 2.69% - 

C.  nauseosus va r .  v i r i d u l u s  -- 2.52% - 

C. nauseosus v a r .  c o n s i m i l i s  -- 1.97% - 

These a r e  t h e  most common v a r i e t i e s  of r a b b i t  brush,  and they a l s o  have 

t h e  h ighes t  percentage of  rubber .  The h ighes t  percent  rubber found i n  a  

p l a n t  i s  6.57%, from a  v a r i e t y  of cons imi l i s .  .The h ighes t  y i e ld  from 

v i r i d u l u s  i s  5.56% rubber .  



The rubber  i s  loca t ed  i n  t he  stems t h a t  a r e  a t  l e a s t  t h r e e  yea r s  o l d .  

An average mature p l an t  weighs from 5 t o  1 5  pounds (2.3 t o  6 . 8  kg) ,  and 

shrubs  weighing 20 t o  40 pounds a r e  n o t  uncommon. An e x c e p t i o n a l l y  l a r g e  

p l a n t ,  exc lus ive  of twigs ,  weighed 60 pounds (24 ,kg) .  However, Ha l l  and 

Goodspeed e s t ima te  t h e  average weight of a  shrub t o  be  6 pounds (2 .7  kg ) .  

This e s t i m a t e  i s  based on measurements of thousands of p l an t  samples and 

i n c l u d e s  the r o o t  t o  a depth  of 4  i nches  (10 cm). 

A s  wi th  guayule ,  t h e  rubber  i n  - C. nauseosus i s  found i n  t h e  parenchyma- 

tous  elements of  t h e  c o r t e x  and i n  t h e  medullary r a y s  -- i n  o t h e r  words, i n  

the s o f t  o r  i nne r  bark .  The ruhber  occu r s  i n  t h e  g r e a t e s t  amount i n  o r  near 

the s o i l  l i n e  t o  t h e  upper l i m i t s  of t h e  main t runk.  The p o r t i o n  of t h e  roo t  

n e a r e s t  t he  s o i l  l i n e  a l s o  c o n t a i n s  rubber  and n e g l i g i b l e  amounts a r e  found 

i n  t h e  roo t  t h a t  i s  deeper t han  6  t o  8  i nches  (15 t o  20 cm). I n  a d d i t i o n ,  

n e g l i g i b l e  amounts a r e  found i n  t h e  l e a v e s ,  tw igs ,  and stems t h r e e  yea r s  o r  

younger. 

I n  guayule ,  rubber  i s  produced dur ing  t h e  dormant season and i s  not  

produced duri'ng a c t i v e  growth. Hal l  and Goodspeed have n o t  found t h i s  t o  be 

t h e  case  with - C.  nauseosus. Based on pre l iminary  r e s u l t s ,  t h e  amount o f  

rubb,er was found t o  decrease  dur ing  the  dormant per iod and the  r e s i n s  and 

o t h e r  acetone-soluble  subs tances  i nc reased .  (These d a t a  were based on 13 

acces s ions  of t h r e e  v a r i e t i e s  of Chrysothamnus.) 

8 . 6  F a c t o r s  t h a t  I n f l u e n c e  Na tu ra l  Rubber Y i e l d . i n  C .  nauseous 

L i t t l e  is known about t h e  f a c t o r s  t h a t  i n f l u e n c e  rubber y i e l d  i n  - C.  

nauseosus,  however, t h e  p l a n t s  w i th  t h e  h ighes t  percent  rubber  a r e  found on 

h igh ly  a l k a l i n e  s o i l s .  This  is  an a r e a  f o r  f u r t h e r  r e sea rch .  In  a d d i t i o n ,  

t he  a u t h o r s  found no d i f f e r e n c e  i n  t he  rubber  con ten t  of  p l a n t s  from the  hot  

i n t e r i o r  v a l l e y s ,  where t h e  temperatures  reach  1 1 0 ° ~ ,  and those  from t h e  cold 

mountain v a l l e y s  o f ,  Colorado, where t h e  temperature  drops t o  -2O0I? and the 

snow accumulates t o  s e v e r a l  f e e t  deep. 



8 . 7  Temperature 

A s  s t a t e d  above, t h e  p l a n t  grows under a  wide range  of  t empera tures ,  

from t h e  h o t  i n t e r i o r  v a l l e y s  ( tempera tures  of 1 1 0 " ~ )  t o  t h e  v a l l e y s  of 

Colorado,  where t h e  tempera tures  drop  t o  -20°F. 

8.8 Agronomy h 

C.  nauseosus i s  a  p e r e n n i a l ,  and i t  w i l l  r e sp rou t  when c u t .  Therefore ,  - 
t h i s  p l a n t  w i l l  probably be c l i pped  and only  t h e  branches harves ted .  The 

p l a n t  w i l l  not  r e s p r o u t  i f  c l ipped  below t h e  r o o t s  juncture  w i th  t h e  s t e m  

( t h i s  s ta tement  i s  based on experiments  o f  over  300 p l a n t s  of  - C.  nauseosus) .  

I n  a d d i t i o n ,  pruning t h i  p l a n t  g r e a t l y  i n c r e a s e s  t h e  number and weight of t he  

rubber  bea r ing  stems. It i s  no t  known i f  i t  wou1.d he ~ c n n o m i c a l  t~ harvcot  

t h e  r o o t s  every few y e a r s  and then r e p l a n t  t h e  shrub. The r o o t s  on ly  conta in  

rubber  from 'the s o i l  l i n e  t o  about 4 i n c h e s  (10 cm) below t h e  s o i l .  

8.8 I r r i g a t i o n  

Water and i r r i g a t i o n  requirements  a r e  not  known, however, Hall and 

Goodspeed r e p o r t  t h a t  - C. nauseosus r e q u i r e s  much l e s s  water than guayule and 

can grow without  i r r i g a t i o n .  This i s  not  proven, a l though - C .  nauseosus i s  

found i n  areas w i t h  a lower r a i n f a l l  than those  i n  which guayule  i s  found. 

Guayule produces more rubber  than - C .  - nauseosus;  i r r i g a t i o n  r e q ~ l i r e m ~ n t s  would 

have  t o  be  compared based on the  amount of  rubber  produced from each p l a n t ,  

Guayule has  a  h igher  percent  con ten t  of  rubber  than - C.  nauseosus; t h e r e f o r e ,  

i r r i g a t i o n  requi rements  would have t o  be  compared by c a l c u l a t i n g  the  amount 

of water r equ i r ed  ro produce a  u n i t  of  rubber .  

8.10 S o i l  

t 
S o i l  and n u t r i e n t  requirements  have n o t  been p r e c i s e l y  e s t a b l i s h e d ,  

a l though some g e n e r a l  in format ion  i s  known. The most promising v a r i e t i e s  of 



C .  nauseosus were found t o  grow on sandy s o i l  t h a t  i s  moderately t o  s t r o n g l y  - 

d a l k a l i n e ,  however, Chrysothamnus has  a l s o  been grown i n  heavy c l a y  s o i l  a t  

t he  Un ive r s i t y  of  C a l i f o r n i a ,  Berkeley, b o t a n i c a l  gardens.  Genera l ly ,  - C.  

nauseosus i s  found on s o i l  t h a t  i s  too a l k a l i n e  f o r  upland p l a n t s .  The 

b e t t e r  d ra ined  and s c a r c e l y  a l k a l i n e  s lopes  a r e  inhabi ted  by sagebrush 

(Ar temis ia  t r i d e n t a t a ) ,  and t h e  extremely a l k a l i n e  s o i l s  a r e  inhab:$&ed by 
ii $'? 

grease  wood (Sarcobatus)  . . ; c: :. ., ' , 
:j 5.' 

. .I 

The s u s c e p t i b i l i t y " o f  - C .  nauseosus t o  d i s e a s e s  and p e s t s  i s  not w e l l  

known because t he  p l an t  has  never been c u l t i v a t e d , i n  l a r g e  experimental  

p l o t s .  In  n a t u r e ,  t h e  p l an t  seems t o  be s u s c e p t t b l e  t o  a t t a c k s  by l a r v a e  and 

b e e t l e s ,  but  t h e i r  e f f e c t  i s  no t  known. I n  a d d i t i o n ,  - C.  nauseosus has  been 

observed t o  be a poor competi tor  and t h e r e f o r e  w i l l  probably r e q u i r e  herb i -  

c i d e s  when c u l t i v a t e d .  In  high a l k a l i n e  s o i l  it  i s  outcompeted by more 

agg re s s ive  shrubs such a s  g rease  wood, and i n  low a l k a l i n e  s o i l s  i t  i s  out-  

competed by sage  brush. 

8.12 ~ e o ~ r a ~ h i c  Range 

L i t t l e  i s  r epo r t ed  i n  t h e  l i t e r a t u r e  about t h e  c u r r e n t  d i s t r i b u t i o n  of 

Chrysothamnus nauseosus.  I n  1919, Hal l  and Goodspeed r epo r t ed  t h a t  t h e  shrub 

was widely d i s t r i b u t e d  i n  western North America with t h e  fol lowing l i m i t s :  

North: B r i t i s h  Columbia, A lbe r t a ,  and Saskatchewan 

South: Western Texas, sou thern  New Mexico, and southern  Arizona, wi th  

p o s s i b l e  ex t ens ions  i n t o  Mexico or lower . C a l i f o r n i a  . 

E a s t :  South Dakota and western Nebraska 



I n  a d d i t i o n ,  t h e  p l a n t ' s  range was r epo r t ed  t o  i nc lude  d e s e r t  b a s i n s ,  

such  a s  t h e  Lower and Upper Sonoran d e s e r t ,  a s  wel l  a s  mountainous a r e a s  ( t o  

8,000 f e e t ,  o r  2 ,438 m) i n  sou the rn  Colorado. 

C 

The p l a n t s  were t h e  most 'abundant  and l a r g e s t  i n  s i z e  i n  t he  Great  Basin 

a r e a .  The l a r g e s t  s t a n d s  of n a t i v e  r a b b i t  brush were i n  Colorado, Nevada, 

and Utah. The p l a n t s  w i th  t h e  h ighes t  rubber  con ten t  were from Nevada and 

C a l i f o r n i a .  The r ange  of - C.  nauseosus may no t  be s i g n i f i c a n t l y  d i f f e r e n t  

t oday ,  however, t h i s  should be determined.  

8.13 Breeding P o t e n t i a l  . 

Four of  t h e  1 6  s p e c i e s  of Chrysothamnus have been found t o  produce 

rubbe r :  - C .  nauseosus,  - C .  t u r b i n a t u s ,  2. t e r e t i f o l i u s ,  and - C. pan i cu l a tu s .  

Only - C.  nauseosus i s  of s i g n i f i c a n c e ,  however, t h e  o t h e r  s p e c i e s  may have 

v a l u a b l e  c h a r a c t e r i s t i c s  t h a t  may be u s e f u l  i n  breeding - C .  nauseosus.  

C .  nauseosus c o n s i s t s  o f  22 v a r i e t i e s .  Natyra l  rubber has  been found i n  - 
a l l  of ehese  v a r i e t i e s ,  however, - C.  nauseosus v a r .  hololeucus,  - C .  nauseosus 

v a r .  p i n i f o l i u s ,  - C.  nauseosus v a r .  v i r i d u l u s ,  and - C. nauseosus v a r .  
- 

c o n s i m i l i s  a r e  t h e  most important  f o r  rubber  product ion.  The b e s t  rubber  

pruduclng shrubs  are those  of  t h e  a l k a l i n e  v a l l e y  bottoms. 

There i s  no ev idence  t h a t  the f lowers  a r e  self-fertile* Flowcro a r e  

v i s i t e d  by honey h e m  and o t h e r  insects, and occd I.a prnd~irrrl i n  dtlurrdurrcu 

and i s  h i g h l y  v i a b l e .  

8.14 . Breeding Goals  

The c h i e f  g o a l  i s  t o  i nc rease  t h e  rubber  con ten t .  This p l a n t ,  even 
I 

though i t  has-many advantages over guayule ,  w i l l  never be economically 

compe t i t i ve  u n l e s s  t h e  rubber  y i e l d  i s  s i g n i f i c a n t l y  improved. 



9.0 Jo joba :  Simmondsia ch inens i s  (Buxaceae fami ly)  

9.1 Products  

Jo joba  seeds produce a l i q u i d  wax (molecular  weight of 606; NAS, 1977b) 

t h a t  is o f t e n  r e f e r r e d  t o  a s  an o i l ,  and t h a t  c o n s t i t u t e s  about 502 of the 

weed weight (Hogan, 1979). This  o i l  i s  very  s i m i l a r  t o  sperm o i l .  I t  con- 

sists of long-chain acid-alcohol  e s t e r s  (Hogan, 1979; NAS, 1977b).  Jo joba  

o i l  i s  chemical ly  very  pure.  Ninety-seven percent  i s  l i q u i d  wax e s t e r s  

(sperm o i l  i s  only 75%), and over 83% of t he se  a l coho l  and a c i d  e s t e r s  a r e  

C20 and C22 a c i d s  and a l coho l s .  A l l  seed o i l s  o t h e r  t han  jojoba a r e  

t r  i g l y c e r i d e s ,  which have one molecule of g l y c e r o l  e s t e r i f i e d  wi th  t h r e e  

molecules of f a t t y  a c i d s  (Hogan, 1979; NAS, 1977b). Jo joba  has  no g l y c e r i d e  

esters, whereas sperm o i l  c o n t a i n s  25% g l y c e r i d e  e s t e r s  (Walters  e t  a l . ,  

1979). 

Jojoba o i l  is an e x c e l l e n t  l u b r i c a n t ,  and i t  can be used a s  a petroche-  

mica l  feeds tock  o r  a s  an o i l  a d d i t i v e  (NAS, 1977b; Yermanos, 1980). Seed 

meal is  a l s o  produced a s  a byproduct. This  meal i s  high i n  p r o t e i n ,  however, 

i t  is s l i g h t l y  t o x i c .  Therefore ,  i t  i s  u s u a l l y  plowed back i n t o  s o i l .  The 

tox in  can be e x t r a c t e d  and t h e  meal used f o r  animal  f eed ,  but i t  i s  probably 

no t  economic t o  do so .  . . 

9.2 Qua l i t y  Parameters  1 

Jojoba o i l  is a supe r io r  l u b r i c a n t  f o r  s e v e r a l  reasons :  

It has  m e t a l l i c  we t t i ng  p r o p e r t i e s ;  t h a t  is ,  i t  l eaves  a f i l m  on 

.metal s u r f a c e s  t h a t  p revents  wear of f r i c t i o n  p o i n t s  (Yermanos, 

1980, Walters  e t  a l . ,  1979).  

I ts l u b r i c i t y  a f t e r  s u l p h u r i z a t i o n  i s  s u p e r i o r  t o  sperm o i l  

(Daugherty e t  a l . ,  1958; NAS, '1977b; Walters  e t  a l . ,  1979).  
. . 



I t  i s  non-drying and t h e r e f o r e  prevents  gumming a n d . t a c k i n e s s  

(Walters  e t  e l . ,  1979).  

Its h igh  v i s c o s i t y ,  h igh  d i e l e c t r i c  c o n s t a n t ,  high p u r i t y ,  and high 

f l a s h  and f i r e  p o i n t s  make i t  va luab le  f o r  s e l e c t  i n d u s t r i c a l  uses  

It main ta ins  a c o n s t a n t  v i s c o s i t y  over a wide range of t empera tures  

(Cruse,  1949) .  

= It i s  not e a s i l y  ox id ized  o r  damaged by r epea t ed  h e a t i n g  up t o  tem- 

p e r a t u r e s  above 2 8 5 " ~ ,  o r  by h e a t i n g  t o  370°C f o r  fou r  days 

(Da~lghtery e t  d., 1958; Turaei' eL: a l . ,  1979). 

It i s  extremely s t a b l e  and can be s t o r e d  f o r  y e a r s  (Hogan, 1979) .  

Key O i l  and Lubr i can t s ,  Inc .  u s e s  jo joba  o i l  i n  t h e i r '  engine,  t ransmis-  

s i o n ,  and d i f f e r e n t i a l  l u b r i c a n t s .  Fue l  mileage i n c r e a s e s  of  10 t o  40% have 
8 

been claimed by u s e r s  of t h e s e  products  (Fuchs,  1974; anonymous, 1977a);  how- 

c v c r ,  tu uur knowledge, no s c i e n t i f i c  s t u d i e s  wi th  r e p l i c a t e d  experiments  

have been performed. The f u e l  mileage obta ined  wi th  s y n t h e t i c  o i l  addi tives 

can equa l  t h a t  o f  jojoba oil, hut  j ~ j c b a  o i l  hoo a 1011ger l l i e  rlian synthe- 

t i c s  (Miwa, pe r sona l  communication). 

J o  joba o i l  can be cracked i n t o  iower weight molecular  compounds, includ-  

va r ious  a romat ic  compounds t h a t  can be used a s  chemical  f eeds tocks  

* gaso l ine  having an octane  range of 90 t o  96. 

J o  joba o i l  h a s  been cracked by Mobil ~ e s e a r c h  and Development Corpora- 

t i o n  on L l ~ e l r  z e o l i r e  c a t a l y s t  (ZSM-5), which works by shape-se lec t ive  hydro- 
1 

carbon c a t a l y s i s  (Weisz, Haag, and Rodewald, 1979).  Though t e c h n i c a l l y  f ea s -  

i b l e ,  i t  is  u n l i k e l y  t h a t  c r ack ing  jojoba o i l  would eve r  be economical ly  

f e a s i b l e  because of i t s  high.economic va lue  ( s e e  Economics s e c t i o n ) .  



J o j o b a  o i l  may a l s o  prove t o  be an  impor tan t  replacement  f o r  sperm o i l  

i n  t h e  l e a t h e r  i n d u s t r y .  Sperm o i l  was used i n  t h e  p roduc t ion  of h i g h  qua l -  

i t y  l e a t h e r  p roduc t s  ( I d a l t e r s  e t  a l . ,  1979) .  

Jo joba  o i l  can be e x t r a c t e d  from t h e  s e e d s  by f i r s t  g r i n d i n g  t h e  s e e d s  

and t h e n  u s i n g  a  screw p r e s s  o r  a s o l v e n t  e x t r a c t i o n ,  o r  both  ( W a l t e r s  e t  

a l . ,  1979; Johnson and Lusas ,  1980) .  Cur ren t  e x t r a c t i o n  p rocedures  a r e  o n l y  

about  52 t o  85% e f f i c i e n t ,  but  v e r y  l i t t l e  r e s e a r c h  h a s  been done t o  improve 

them (Johnson and Lusas ,  1980) .  

C u r r e n t l y ,  jo joba  o i l  i s  e x t r a c t e d  a lmost  e x c l u s i v e l y  by screw p r e s s i n g  

t h e  ground s e e d .  The ground s e e d  can be p r e s s e d  one,  two, o r  t h r e e  t imes ,  

b u t  wi th  each  p r e s s ,  t h e  o i l s  become d a r k e r .  I n  a d d i t i o n ,  i t  is probab ly  

o n l y  economical  t o  p r e s s  t h e  cake twice .  T h i s  method of e x t r a c t i o n  i s  o n l y  

about  52 t o  73% e f f i c i e n t  (Johnson and Lusas ,  1980) .  

So lven t  e x t r a c t i o n  probably  i n c r e a s e s  p r o c e s s i n g  e f f i c i e n c y ,  b u t  l i t t l e  

r e s e a r c h  h a s  been done on t h i s  method ( J o h n s o n ' a n d  Lusas ,  1980) .  I n  add i -  

t i o n ,  s o l v e n t  e x t r a c t i o n  i s  o n l y  economical ly  f e a s i b l e  when done on a  l a r g e  

s c a l e :  abou t  100 t o n s  o f  ,seed p e r  day (Wal te r s  . e t  a l . ,  1979) .  

The mnst economics1 method of p r o c e s s i n g  may be p r e s s i n g  fo l lowed  by 

s o l v e n t  e x t r a c t i o n .  ~ t u b b l e f i e l d  and Wright (1977) s t a t e  . t h a t  o i l  y i e l d s  of 

50 t o  53% of t h e  seed  weight  cou ld  be obta . ined u s i n g  t h i s  method. Only r i p e  

s e e d s  should be used.  The o i l  p r e s s e d  from g r e e n  s e e d s  was found t o  be h i g h  

i n  pe rox ide  and mois tu re .  

9.4 L i f e  Cycle  

J o j o b a  is a  p e r e n n i a l  p l a n t  t h a t  i s  d i o e c i o u s :  Female f l o w e r s  and male 

f l o w e r s  a r e  p roduced .on  s e p a r a t e  p l a n t s .  The female  p l a n t  i s  wind p o l l i n a t e d  



and  p roduces  s e e d  when 2  t o  5  y e a r s  o l d  ( W a l t e r s  e t  a l . ,  1979; F o s t e r ,  1980) .  

Seed is t h e n  produced a n n u a l l y ,  and y i e l d s  i n c r e a s e  each  y e a r  u n t i l  t h e  p l a n t  

is  8  t o  12 y e a r s  o l d .  A t  t h i s  age ,  s e e d  p r o d u c t i o n  remains  f a i r l y  c o n s t a n t  

( W a l t e r s  e t  a l . ,  1979) .  Female p l a n t s ,  i n  n a t u r e ,  produce s e e d  f o r  100 t o  

250 y e a r s .  L o n g e v i t y  d a t a  a r e  no t  a v a i l a b l e  f o r  c u l t i v a t e d  p l a n t s ,  bu t  i t  i s  

e x p e c t e d  t h a t  p l a n t s  w i l l  produce s e e d  f o r  s e v e r a l  d e c a d e s  (Yermanos, 1980) .  

J o j o b a  p l a n t s  grow s l o w l y  a t  f i r s t ,  b u t  by 5  y e a r s  o l d  t h e y  a r e  abou t  6 

f e e t  (1 .8  m) t a l l .  The a v e r a g e  h e i g h t  of a  ma ture  p l a n t  i s  1 5  f e e t  (4 .6  m ) ,  

bu t  a p l a n t  may r e a c h  23 f e e t  (7  m) w i t h  s u f f i c i e n t  r a i n  f a l l  ( s t a f f  r e p o r t ,  

I n  Ar izona ,  f l o w e r  buds form i n  l a t e - s u m m e r  o r  f a l l ,  and p o l l i n a t i o n  

o c c u r s  i n  March. J o j o b a  s e e d s  r e a c h  m a t u r i t y  i n  J u l y  and August (Hogan, 

1 9 7 9 ) .  

9.5 Y i e l d s  

J o j o b a  s e e d s  are 4 5  t o  60% o i l ,  w i t h  a n  average  of a b o u t  50% o i l  (Hogan, 

1 9 7 9 ) .  Y i e l d s  p e r  a c r e  w i l l  depend upon 
I 

The e f f i c i e n c y  p f  t h e  e x t r a c t i o n  proce!ss 

The y i e l d  of s e e d  p e r  f emale  p l a n t  

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

The t o t a l  number o f . p l a n t s  p e r  a c r e .  

Y i e l d  a l s o  depends  on t h e  a v a i l a b i l i t y  o f  w a t e r ,  b u t  optimum l e v e l s  a r e  

n o t  known; however, i n  e x t r e m e l y  d r y  y e a r s ,  seed  i s  no t  produced ( s e e  I r r i g a -  

rioii  s e c t i o n ) .  



A t  t h i s  t i m e ,  d a t a  on y i e l d  of j o j o b a  s e e d s  a r e  l i m i t e d .  A female  p l a n t  

t a k e s  8  t o  12 y e a r s  t o  f u l l y  mature ,  and most commercial  p l a n t a t i o n s  a r e  l e s s  

t h a n  3  y e a r s  o l d  (Yermanos, 1980; Walters e t  a l . ,  1979; Bredah l ,  1980) .  

T a b l e  9-1 w a s  p repared  from d a t a  r e p o r t e d  i n  t h e  l i t e r a t u r e .  I t  i s  

apparen t  from t h i s  t a b l e  t h a t  more d a t a  i s  n e c e s s a r y  t o  make an a c c u r a t e  

assessment  of expec ted  y i e l d s .  

Tab le  9-1. Repor ted Y i e l d s  o f  J o j o b a  

*Values were n o t  averaged over  t h e  l i f e  of t h e  p l a n t .  T h i s  is  t h e  y i e l d  o n l y  
f o r  t h e  y e a r  sampled. 

l b s  Seed p e r  
AcreIYear* 

(3750-4500) 

4 .5  

(350)  
(700) 

(3000) 

: (1415)  

(2007) 

Source  

S tubb le f  i e l d  
and Wright 
(1977) 
e s t i m a t e d  f o r  
C a l i f .  

Yerrpanos 
( 19 80) 
Mexican p l o t  

Yermanos 
(1979) 
C a l i f o r n i a  
( e s t i m a t e d )  
( e s t i m a t e d )  

Na t l o n a l  
Academy of 
Sc ience  
observed i n  
wi ld  
( e s t i m a t e d )  

Wal ter6  e t  
a l .  (1979) 
(csti.mmat~r1) 

Number Female 
P l a n t s / A c r e  

(750) 

900 

900 
(1800) 

Age of P l a n t  
( y e a r s )  

(10)  

3  

4  

5 
(5  

.(9-10) 

l b s  Seed p e r  
P l a n t  

(5-6) 

1-2 

0 -25-10 
( 3  1 



I n  n a t u r a l  popu la t i ons ,  Yermanos (1979') has  observed up t o  30 pounds 

(1.3'.6 kg)  of s eed  from one p l an t .  These high y i e l d s  were ohserved o n l y  on 

c e r t a i n  p l a n t s  and i n  c e r t a i n  y e a r s  having warm . temperatures  and a  high 

r a i n f a l l .  The mean of wi ld  p l a n t s  was 4  pounds (1.8 kg) of seed per  p l a n t .  

Yield of c u l t i v a t e d  p l a n t s  has a l s o  v a r i e d  from year  t o  yea r ;  however, 

Yermanos (1979 and 1980) r e p o r t s  t h a t  t h e  v a r i a t i o n  does not appear t o  be a 

t y p i c a l  a l t e r n a t e  bear ing  c y c l e ,  i n  which t h e r e  a r e  tremendous c y c l i c a l  va r i -  

a t i o n s  i n  crop product ion .  

Most r e s e a r c h e r s  have p l an t ed  a  male t o  female r a t i o  of 1:4 t o  1:8 

(Wal te rs  e t  a l . ,  1979; P a t z k i l l ,  1980) w i th  1:5 being commdn. Yermanos 

(1980) c o n s i d e r s  a  ra t i -o  of 1 male t o  16 females  s u f f i c i e n t  f o r  p o l l i n a t i o n  

a s  long a s  t h e  males a r e  s t agge red  throughout t h e  f i e l d .  I f  i t  does no t  

dce rease  I e r t l l i z a t i o n ,  ~ e r m a n o s '  p l a n t i n g  scheme could i n c r e a s e  y i e l d  per  

a c r e  by 13%. S ince  f r u i t  i s  only produced on new gruwlh, y i e l d  may be 

i n c r e s e d  by mechanical ly  pruning t h e  shrubs o r  by t h e  u se  of chemical growth 

s t i m u l a t o r s  (Yermanos, 1980) ,  a l though t h e s e  methods have not  been demon- 

s t r a t e d .  

9.4 I r r i g a t i o n  -. -- 

Jo joba  water requi rements  vary ,  depending upon t h e  age of t h e  p l a n t .  I n  

t h e  f i r s t  two y e a r s  of growth, t h e  p l a n t  r e q u i r e s  24 t o  30 inclles (0.6 t o  

0.8 m) of water (Hogan, 1979).  Af t e r  t h e  t h i r d  yea r ,  most r e s e a r c h e r s  r e p o r t  

t h a t  jo joba  grows hos t  wi th  15  t o  24 inches  (0.4 t o  0.6 m) of r a i n f a l l  o r  

i r r i g a t i o n  (Walters  e t  a l . ,  1979; Yermanos, 1979 and 1980; Bogan, 1979; 

~ o s t e r  and Wright, 1980). 

The s e a s o n a l ' t i m i n g  of water  a v a i l a b i l i t y  i s  important  f o r  both s e e d l i n g  

s u r v i v a l  and seed product ion.  For s e e d l i n g  s u r v i v a l  the ' t f .ming of water i s  

e s p e c i a l l y  important  d u r i n g  t h e  f i r s t  p l a n t i n g  season.  The f i r s t  few weeks 

a r e  c r i t i c a l :  



I f  t h e  s o i l  i s  allowed t o , d r y  o u t ,  t r a n s p l a n t e d  s e e d l i n g s  may d i e  

because they  have no t  been a b l e  t o  e s t a b l i s h  roo t  systems. 

Seeds w i l l  no t  germinate  un l e s s  t hey  a r e  kep't moist  ( ~ a l z k i i l ,  

1980).  

Jo joba  responds b e s t ,  t o  mois ture  dur ing  t h e  w in t e r  and s p r i n g  (Wolters  

e t  a l . ,  1979). Yermanos (1979)- sugges ts  a  mid-summer i r r i g a t i o n  dur ing  

exces s ive ly  d r y  years  t o  ensure  good f lower  product ion.  Furrow o r  d r i p  i r r i -  

g a t i o n  i s  recommended (Hogan, 1979). 

. . According t o  Gentry (1958), winter-spr ing r a i n s  m b s t  be s u f f i c i e n t  t o  

provide deep s o i l  moisture .  Gentry d i d  no t  q u a n t i f y  t he  water  r equ i r ed ,  but 

r epo r t ed  t h a t  water a v a i l a b i l i t y  i n f luences  seed matura t ion ,  s i z e ,  and pro- 

. duct ion .  Gentry a l s o  r epo r t ed  t h a t  jo joba  does not  have shal low subsur face  

roo t s .  Therefore ,  moisture  from l i g h t  r a i n s  probably i s  not a v a i l a b l e  t o  

jojoba.  Jo joba  has  very long  t a p  r o o t s  t h a t  u se .wa te r  deep wi th in  t he  s o i l .  

Water requirements  a r e  a l s o  a f f e c t e d  by temperature  (Yermanos, 1979 and 

1980) : 

Yields  a r e  best' fo l lowing  warm, wet. yea r s .  

New growth is  s t imu la t ed  by water ,  and new growth i s  damaged by 

co ld  tcmpcrotures .  Therefnre, i n  co lde r  c l ima te s ,  jojoba r e q u i r e s  

a  hardening-off per iod be fo re  win te r :  That i s ,  a  per iod  when water 

i s  l i m i t e d ,  and new growth i s  suppressed.  

American Jo joba  I n d u s t r i e s  (F i she r ,  1980) has  found t h a t  jojoba i s  very  

t o l e r a n t  of poor water q u a l i t y  (parameters  were not  s t a t e d ) ;  however, t h e  

long t e r m  e f f c c t a  a r e  unknown. 

Jo joba .  can su rv ive  f o r  long pe r iods  without  water  ( P a l z k i l l ,  persona l  

communication). Therefore ,  i f '  t h e  economics a r e  unfavorable  o r  t he  c o s t  of 

t i r r i g a t i o n  excessive i n  a  p a r t i c u l a r  yea r ,  i r r i g a t i o n  can be s topped.  The 



p l a n t s  w i l l  no t  be  damaged, a l though they a l s o  w i l l  not  f lower (Gentry,  

1958). 

9.7 Temperature 

Adult p l a n t s  can  s u r v i v e  temperatures  of 1 5 " ~ ,  but  f lower buds a r e  dam- 

aged a t  23  t o  25°F (Hogan e t  a l . ,  1980).  Young p l a n t s  ( l e s s  than 3 yea r s  

o l d )  a r e  more s u s c e p t i b l e  t o  f r o s t  damage: ~ e m ~ e r a t l ~ r ~ s  nf 2 5 " ~ .  may k i l l  

young p l a n t s  (Wal te rs  e t '  a l . ,  1979; Hngan e t  al., 1979). 

P l a n t i n g  should n o t  be done u n t i l  s o i l  temperatures  a r c  70 t o  75OF 

( P a l z k i l l ,  1980); however, s o i l  t empera tures  of 7g°F a r e  b e s t  f o r  good ger- 

mina t ion  (Hogan, 1979).  I n  a d d i t i o n ,  jojoba should be p lan ted  no l a t e r  than  

May, s o  t h a t  i t  has  t i m e  t o  become e s t a b l i s h e d  and harden-off before  w in t e r  

(Yermanos, 1980). 

9.8 S o i l  Requirements 

J o j o b a  grows b e s t  on wel l -drained,  coa r se  d e s e r t  s o i l s  and  coarse mix- 

tures of g r a v e l s  and c l a y s  (Hogan, 1979; Fos t e r ,  1980). ,Tojoba w i l l  n o t  grow 

on w e t ,  heavy, o r  marshy s o i l s  (Walters  e t  a l . ,  1979; Ilogan, 1980).  I n  addi- 

t i o n ,  t h e  s o i l  must be  wel l -aera ted  (Hogan, 1980). 

Jo joba  i s  v e r y  t o l e r a n t  of s a l i n e  and a l k a l i n e  s o ' i l s  (Yermanos, 1974) ,  

bu t  i t  i s  no t  known how t h e s e  f a c t o r s  a f f e c t  seed product ion.  

9.9 F e r t i l i z e r  

Information on  whether o r  n o t  , j o j o b a . r e q u i r e s  f e r t i l i z e r  1s no t  cons is -  

t e n t .  Data From r e p l i c a t e d  experiments  us ing  varying l e v e l s  of t rea tments  

a r e  not a v a i l a b l e .  For example, F i she r  (1980) r e p o r t s  no response t o  n i t r o -  

gen,  phosphorus, o r  potassium i n  t h e  f i e l d ,  bu t  r e p o r t s  a  response when grown ,:( 



i n  the  n u r s e r y .  However, no l e v e l s  were s t a t e d  and no d a t a  p r e s e n t e d .  

Wal te r s  e t  a l .  (1979) r e p o r t  a p o s i t i v e  response  t o  n i t r o g e n  and no r e s p o n s e  

t o  o t h e r  f e r t i l i z e r s .  Again, no l e v e l s  o r  d a t a  were p r e s e n t e d .  Yermanos 

(1979) a l s o  found no response  t o  n i t r o g e n  and phosphorus i n  t h e  f i e l d  ( l e v e l s  

o f  50 pounds of phosphorus pe r  a c r e ,  50  pounds of n i t r o g e n  p e r  a c r e ,  and 50 

pounds each of phosphorus and n i t r o g e n  p e r  a c r e  p e r  y e a r ) .  Yermanos r e p o r t s  

t h a t  " s i m i l a r  f e r t i l i z a t i o n  t r e a t m e n t s "  i n  t h e  g reenhouse  showed a d r a m a t i c ,  

p o s i t i v e  response .  Once a g a i n ,  no d a t a  were provided.  

The c o s t  of d i s e a s e  and p e s t  c o n t r o l  can  v a r y  wide ly ,  depending on where 

t h e  jo joba  p l a n t s  are grown ( F i s h e r ,  1980).  For t h e  f i r s t  two y e a r s ,  seed- 

l i n g s  must be p r o t e c t e d  from r a b b i t s ,  d e e r ,  c a t t l e ,  ground s q u i r r e l s ,  and 

kangaroo r a t s  (Hogan, 1979; F i s h e r ,  1980) .  Seeds  must a l s o  be p r o t e c t e d  from 

f o r a g i n g  by r o d e n t s  (Gent ry ,  1958; Yermanos, 1980) .  I n  a d d i t i o n ,  c e r t a i n  

a n t s  w i l l  f e e d  o n  jo joba  p l a n t s  and p l a s t i c  i r r i g a t i o n - s y s t e m s ;  and a p h i d s ,  

l i z a r d s ,  and f a l s e  chinchbugs w i l l  a l s o  damage j o j o b a  ( F i s h e r ,  1980).  

Although j o  joba i s  u s u a l l y  c o n s i d e r e d  . t o  be r e l a t i v e l y  f r e e  o f  d i s e a s e s ,  

s e v e r a l  pathogens have b e e r r e p o r t e d  ( P a l z h i l l ,  p e r s o n a l  communication).  

Seeds c a n  a l s o  be  t r e a t e d  w i t h  c a p t a n e  t o  p r o t e c t  a g a i n s t  The 

fo l lowing  d i s e a s e s  cou ld  become more of a problem . . when jo joba  i s  grown com- 

m e r c l a l l y ;  most ' a r e  p r e s e n t l y  o n l y  a problem i n  t h 8  g reenhouse  ( ~ t ' a n ~ h e l l i ,  

1977; Alcorn and Young,'1979; Hogan, 1979; P a l z k i l l ,  p e r s o n a l  communica- 

t i o n ) .  

1 )  A l t e r n a r i a  s p .  h a s  been a s s o c i a t e d  w i t h  d e f o l i a t i o n  of c u t t i n g s .  

2 )  Phytophtho-ra-,parasitica and -..--.-- Pythium -.-- aphanidermatum: P r e p l a n t  s o i l  

t r e a t m e n t s  should  be used t o  p r o t e c t  a g a i n s t  t h e s e  pathogens .  



3)  Phymatotrichum omnivorum and V e r t i c i l l i u m  d a h l i a e :  It i s  d i f f i c u l t  

t o  p r o t e c t  jo joba  from t h e s e  pathogens; t h e r e f o r e ,  d i s e a s e  r c s i s t a n t  

s t o c k  should -be used, o r  p l a n t s  should be p lan ted  i n  s o i l  t h a t  i s  f r e e  

of t he se  pathogens.  

I n s e c t s  have been o n l y  of  minor importance t o  d a t e  ( ~ o g a n ,  1979).  

Aparathion,  a broad spectrum i n s e c t i c i d e ,  i s  r e g i s t e r e d  f o r  use on jojoba 

( P a l z k i l l ,  persona l  communication). 

9.11 Agronomy 

Many o f  t he  p r a c t i c e s  used by r e s e a r c h e r s  would not  be prac t ica l -  on a 

commercial  s c a l e .  For i n s t a n c e ,  under n a t u r a l  c o n d i t i o n s ,  t h e  lower branches 

of jojoba gruw v e r y  c l o s e  t o  t h e  ground, and t h e r e f o r e  ha rves t i ng  is d i f f i -  

c u l t .  Yermanos (1979 and 1980) has so lved  t h i s  problem i n  h i s  r e sea rch  p l o t s  

by b ~ a p p i i i g  t h e  shrubs  i n  a p l a s t i c  s c r e e n ,  which f o r c e s  t h e  p l a n t  t o  grow 

u p r i g h t .  The sc reen  i s  removed i n  2 t o  3 years .  Yermanos (1974) has a l s o  

hand-removed a l l  of t h e  s i d e  branches from t h e  gro~lnd I I ~  t o  3 t o  'I f e e t ,  LUL 

t h i s  method may damage branches,  which a r e  extremely b r i t t l e .  Both of t h e s e  

l a b o r  i n t e n s i v e  p r a c t i c e s  would be prah.i.bi t ivo ly  expensive on a cominercial 

bas  is. 

Seve ra l  sugges t ions  have been made t o  f a c i l i t a t e  ha rves t i ng  of jojoba:  

1 )  P l a n t  s h r u b s  On a t  l e a s t  a 14 inch h igh  berm ( F i s h e r ,  1980).  

2)  P l a n t  s h r u b s  c l o s e  t oge the r  so  t h a t  p l a n t s  form a hedge; jojoba has  

a long  t a p r o o t  t h a t  probably extends 100 Feet, and it: tias no l a t e r a l  

r o o t s  t h a t  can be damaged by c l o s e  p l an t ings  (Yermanos, 1980).  

3 )  Prune p l a n t s  mechanical ly ,  beginning i n  t h e  second year of growth, 

t o  promote u p r i g h t  growth (F i she r ,  1980). 

4 )  Develop chemicals  t h a t  w i l l  do t h e  fol lowing:  



prevent  an e a r l y  r e l e a s e  of po l l en  before  female buds a r e  

ready t o  be f e r t i l i z e d .  

ensure  t h a t  f r u i t s  r i pen  and drop  o f f  of t h e  p l an t  a t  t h e  same 

time t o  prevent  t h e  need f o r  more than one ha rves t .  

I n  na t ive  s t ands ,  depending on genotypes and environmental  cond i t i ons ,  seed , 

f a l l  w i l l  occur  over a  per iod of  one t o  seven weeks (Gentry,  1958). There- 

f o r e ,  un l e s s  c u l t i v a r s  a r e  developed t h a t  s imul taneous ly  drop t h e i r  seed over 

a  very s h o r t  per iod ,  i t  w i l l  be necessary  t o  ha rves t  seed  s e v e r a l  t imes a  

season.  

Seve ra l  h a r v e s t i n g  systems could  probably be modif ied f o r  jo joba ,  

i nc lud ing  h a r v e s t e r s  f o r  grapes, '  pecans,  b l u e b e r r i e s ,  almonds, and walnuts .  

These systems g e n e r a l l y  ope ra t e  i n  one of two ways ( P a l z k i l l ,  pe r sona l  , 

communication; Yermanos, 1980): 

1 )  They sweep o r  vacuum f a l l e n  seeds  from underneath t he  p l a n t .  

2 )  They have a  s k i r t  t h a t ,  ex tends  underneath t h e  p l a n t  wh i l e  t h e  p l a n t  

is  mechanically shaken. The seeds  then f a l l  on to  t h e  s k i r t  and a r e  co l -  

l e c t e d  by t h e  machine. 

The p r o b l ~ m  w i t h  al.lowing t h e  seed t o  drop t o  t h e  ground i s  t h a t  var ious  

animals take  i t  f o r  food. The second type of h a r v e s t e r  may be t h e  more pro- 

mising f o r  jo  joba. 

Jo joba  can be grown by d i r e c t  seed ing ,  t r a n s p l a n t i n g  s e e d l i n g s ,  o r  

t r a n s p l a n t i n g  rooted c u t t i n g s  ( P a l z k i l l ,  1980). Cut t ings  take  about  30 t o  60 

days t o  roo t  (Hogan, 1979).  T i s sue  c u l t u r e  may e v e n t u a l l y  be p o s s i b l e ,  but 

so f a r ,  has had l i m i t e d  success  with woody p l a n t s  such a s  jojoba (Hogan, 

1979). P l a n t  Resources I n s t i t u t e  (Alder ,  pe r sona l  communication) i s  working 

on the  propagat ion o f  jo joba  v i a  t i s s u e  c u l t u r e .  



J o j o b a  s e e d l i n g s  o r  seeds  should be over-planted f o r  two reasons  (Hogan, 

1979; F i s h e r ,  1980):  

1 )  U n t i l  s u p e r i o r  germ plasm is a v a i l a b l e ,  unproduct ive female p l a n t s  

must be removed. 

2 )  S ince  s e e d l i n g s  cannnot be i d e n t i f i e d  a s  male o r  female u n t i l  they  

f lower ,  exces s  males w i l l  have t o  be removed once t hey  can be j -dent i f ied  

i n  t h e  f i e l d .  

Seed can be  p l a n t e d  w i t h  a  modif ied c o t t o n  p l a n t e r  (Hogan, 1979) and 

s e e d l i n g s  p l an t ed  w i th  commercially a v a i l a b l e  equipment (Y~rmanos ,  1980).  

Jo joba  competes poor ly  wi th  weeds, and t h e r e f o r e ,  American Jo joba  Indus- 

L r l e s  recommends 4 t o  5 c u f t i v a t i o n s  per  yea r ,  u n t i l  t h e  p l a n t s  a r e  l a r g e  

enough t o  compete ( F i s h e r ,  1980). S ince  c u l t i v a t i o n  is  a l s o  necessary  w i th in  

t h e  row, i t  is  impor tan t  t h a t  h e r b i c i d e s  a r e  developed f o r  jojoba.  Round-up 

h e r b i c i d e  can o n l y  be spot-sprayed b e c a u s e ' i t  w i l l  k i l l  jo joba i f  i t  comes i n  

c o n t a c t  ( P a l z k i l l ,  pe r sona l  communication). 

9.12 P o t e n t i a l  c u l t i v a t i o n  S i t e s  

Na tu ra l  s t a n d s  of jojoba a r e  found i n  southern  C a l i f o r n i a  and Arizona 

( F o s t e r ,  1980).  C u l t i v a t e d  p l a n t a t i o n s  a r e  found i n  Arizona, C a l i f o r n i a ,  and 

Texas. Sluce che shrub i s  very  f r o s t  s e n s i t i v e ,  t h e  p o t e n t i a l  c u l t i v a t i o n  

s i t e s  a r e  l i m i t e d  t o  the '  extreme southwestern United S t a t e s .  

9.13 Breeding P o t e n t i a l  

One of t h e  b i g g e s t  problems f a c i n g  t h e  commercial izat ion of jojoba i s  

t h e  u n a v a i l a b i l i t y  of s u p e r i o r  germ plasm. The p o t e n t i a l  f o r  improving 

jo joba  by s e l e c t i v e  breeding  i s  very  good; however, i t  w i l l  be time consum- 

ing .  A l a r g e  g e n e t i c  v a r i a b i l i t y  has  been repor ted  by many, and Yermanos 



(1974, 1979, 1980) has  found and i s  planning to '  develop t h e  fol lowing 

abe r r an t  p l a n t s ,  which may be economically u s e f u l  i n  t h e  f u t u r e :  

1) a monoecious p l a n t ;  t h i s  s t r a i n  produces male and female f lowers  on 
. . 

t h e  same shrub. 

2 )  p l a n t s  t h a t  produce m u l t i p l e  f r u i t s  a t  a node; most jojoba p l a n t s  

produce o n l y  one f r u i t  a t  a node; 

3 )  p l a n t s  t h a t  produce f r u i t  a t  every  n o d e . ; , f r u i t  i s  u s u a l l y  produced 

a t  a l t e r n a t e  nodes. 

These c h a r a c t e r i s t i c s  must be examined c a r e f u l l y .  Gentry (1958) r e p o r t s  t h a t  

c l u s t e r e d  f r u i t s  a r e  more f r e q u e n t l y  damaged by sunburn, have smal le r  s eeds ,  

and a r e  more s u s c e p t i b l e  t o  inadequate  mois ture  than a r e  p l a n t s  wi th  one 

f r u i t  a t  a l t e r n a t e  nodes. It i s  l i k e l y  t h a t  c u l t i v a r s  developed wi th  c lu s -  

t e r s  of f r u i t  a t  each node w i l l  have h ighe r  water  requirements  than those  

wi th  one f r u i t  per  node. 

Other t r a i t s  t h a t  can be g e n e t i c a l l y  s e l e c t e d  f o r  i n  jojoba i n c l u d e  

1 )  one seed r a t h e r  t han  t h r e e  seeds  'produced per  f r u i t ;  one l a r g e  seed 

has  been found t o  con ta in  more o i l  t han  t h r e e  smal l  seeds .  

2 )  high o i l  conten t  per  n ~ e d  

3 )  e a r l y  seed product ion beginning before  t h e  f i f t h  year  

4 )  e a r l y  f lower ing  t o  reduce f r o s t  damage 

5) c o n c i ~ t e n t l y  high productlnn from yeas t'o year  

6 )  up r igh t  growth h a b i t  

, 7) seeds t ha t  mature  a t  t h e  same time (F i she r .  1980) 



8 )  h a v i n g  t h e  same manner of droppi 'ng t h e i r  s e e d s  ( F i s h e r ,  1980) 

and p l a n t s  t h a t  d r o p  a l l  s e e d s  s i m u l t a n e o u s l y  

9 )  p o l l e n  t h a t  i s  r e l e a s e d  a t  t h e  same t i m e '  t h a t  f emale  f l o w e r s  a r e  

r e a d y  t o  a c c e p t  i t .  

Some of t h e s e  d e s i r a b l e  c h a r a c t e r i s t i c s  p robab ly  c a n  be i n c o r p o r a t e d  

i n t o  a  c u l t i v a r  i n  a r e l a t i v e l y  s h o r t  t ime ;  however, t h e  b r e e d i n g  of a super -  

i o r  v a r i e t y  c b n t a l n i n g  many o f  t h e s e  c h a r a c t e r i s t i c s  w i l l  r e q u i r e  y e a r s  of 

r e s e a r c h  (Yermanos, 1979) .  

J o j o b a  h a s  52 chromosomes and i s  p robab ly  a l r e a d y  a  p o l y p l o i d  (Hogan, 
\ 

ii 
1979; Yermanos, 1 9 8 0 ) .  I t s  l o n g  l i f e  c y c l e  (2-5 y e a r s  t o  produce s@td') makes . . 
b r e e d i n g  a  l o n g  p r o c e s s .  T i s s u e  c u l t u r e  t e c h n i q u e s  may speed  up t h e  b r e e d i n g  

process. 

9.14 Env i ronmenta l  Impact  

The p l a n t i n g  and h a r v e s t i n g  o f  jo joba  a p p e a r s  t o  .have  no env i ronmenta l  

i m p a c t s  o t h e r  t h a n  t h o s e  u s u a l l y  a s s o c i a t e d  w i t h  fa rming ,  

9.15 Economic A n a l y s i s  

The b u l k  of t h e  c~lrrent s u p p l y  o f  jo joba  o i l  i s  used by rhe c o s m e t i c s  

and  p h a r m a c e u t i c a l  i n d u s t r i e s .  Theee marke t s  a r e  a b l c  t o  pay.  a  high p r i c e  

f o r  t h e  o i l ,  which is  a  s u p e r i o r  s k i n  p e n e t r a t i n g  and , a b s o r b i n g  medium. 

. J o j o b a  o i l  i s ' a l s o  a s u p e r i o r  i n d u s t r i a l  l u b r i c a n t .  S y n t h e t i c  o i l s  c a n  

match i t s  m e t a l l i c  w e t t i n g  p r o p e r t i e s ,  however, t h e i r  l i f e t i m e s  a r e  l e s s  than  

h a l f  as  long  (Miwa, p e r s o n a l  communication).  T h i s  advan tage  r e s u l t s  from a 

s l i g h t  b u t  s i g n i f i c a n t  chemica l  d i f f e r e n c e :  J o j o b a  o i l  i s  an e s t e r  and 

s y n t h e t i c s  a r e  d i e s t e r s .  J o j o b a  can a l s o  be c racked  and used a s  f u e l ,  b u t  

g i v e n  i t s  v a l u e  as a l u b r i c a n t ,  i t  is u n l i k e l y  t h a t  j o j o b a  o i l  w i l l  be used 

a s  a  f u e l  o r  c h e m i c a l  f e e d s t o c k .  



J o j o b a  i s  c u r r e n t l y  e n j o y i n g  a  boom, such  t h a t  j o j o b a  development i s  

proceeding r a p i d l y  under impetus  from t h e '  p r i v a t e  s e c t o r . '  It i s  a t t r a c t i n g  

c o n s i d e r a b l e  inves tment  from t h e  d e v o t e e s  of ha rd  money and t h o s e  s e e k i n g  t a x  

s h e l t e r s  (Lowenstein,  1981) .  Over 8 ,000  a c r e s  were p r e d i c t e d .  t o  be p l a n t e d  

i n  Arizona by l a t e  1980 ( F i s h e r ,  1979) .  A d d i t i o n a l  p l a n t i n g s  i n  C a l i f o r n i a  

undoubtedly w i l l  r a i s e  t h e  t o t a l  o v e r  10,000 a c r e s .  T h i s  r e p r e s e n t s "  a n  

inves tment  of o v e r  $40 m i l l i o n ,  and more c a p i t a l  i s  be ing  r a i s e d  (Lowenste in ,  

1981).  

An impor tan t  f a c t o r  i n  t h i s  i n t e r e s t  i s  t h e  h igh  p r i c e  of jo joba  o i l ,  

c u r r e n t l y  abou t  $9.00 p e r  pound (Lowenste in ,  1981) ,  which i s  a lmos t  100 t imes  

t h e  p r i c e  of pet roleum.  The market s i z e  f o r  l u b r i c a n t s  and energy  a t  t h i s  

p r i c e  i s  s e v e r e l y  l i m i t e d .  There  have been some s t u d i e s  of t h e  pr iceldemand 

r a t i o .  The l a r g e s t  demand i n  any of t h e s e  s t u d i e s ,  121,500 tons  p e r  y e a r  

( F o s t e r  e t  a l . ,  1979) ,  assumes a  p r i c e  of $0.55 p e r  pound ( o r  $165 p e r  bar-  

r e l ) .  T h i s  demand is  e q u i v a l e n t  t o  2,200 b a r r e l s  of jo joba  o i l  pe r  day.  

What i s  t h e  l i k e l i h o o d  t h a t  t h e  p r i c e  o f  jo joba  o i l  w i l l  f a l l  t h i s  low? 

The most o p t i m i s t i c  o f  ' the economic s t u d i e s  is F o s t e r  and Wrigh t ' s  (1979)  

s tudy .  T h i s  r e p o r t  c o n s i d e r e d  t h r e e  l e v e l s  o f  o u t p u t  p e r  mature bush:  3 ,  6 ,  

and 1 0  l b s  (bushes  12 y e a r s  of age and o v e r ) .  The l a s t  f i g u r e  i s  t h e  h i g h e s t  

r e p o r t e d  y i e l d  f o r  a  bush i n  t h e  w i l d .  It i s  d o u b t f u l ,  t h e r e f o r e ,  t h a t  t h i s  

y i e l d  cou ld  be  a t t a i n e d  on c u l t i v a t e d  l a n d  f r o q  p r e s e n t l y  a v a i l a b l e  p l a n t s .  

The s t u d y  a l s o  c o n s i d e r s  two l e v e l s  of p l a n t i n g s  -- 575 and 750 y i e l d i n g  

bushes  pe r  a c r e  -- and L11~ee s i a c c  o f  p l a n t a t i o n s  -- 40, 200, and 500 a c r e s .  

It assumed t h a t  economies of s c a l e  reduce  c o s t s  w i t h  i n c r e a s i n g  p l a n t a t i o n  

s i z e .  

Tab le  9-2 shows e s t i m a t e d  break-even o i l  p r i c e s  p e r  pound of seed  f o r  

y e a r s  4  th rough  20 f o r  t h e  most o p t i m i s t i c  c a s e :  1 0  l b s  pe r  bush,  750 bushes 

pe r  a c r e ,  and a  500 a c r e  p l a n t a t i o n .  The 11ercsn.t l i q u i d  o i l  i n  s e e d s  ranges  

from 42 t o  53% ( S t u b b l e f i e l d  and Wright ,  1977) .  .We assumed a  n e t  50% o i l  

y i e l d ,  which r e q u i r e s  a t t a i n i n g  bo th  h igh  seed  o i l  c o n t e n t  and very  e f f i c i e n t  

e x t r a c t i o n s .  We e s t i m a t e  t h a t  e x t r a c t i o n  c o s t s  f o r  a  l a r g e  s c a l e  p l a n t  a r e  2 

t c e n t s  per  pound ( F o s t c r  and Wright,  1979) ,  and t h e  pound of meal remaining 



Table 9-2. Estimated Cost of Jo joba  Seed 

Adapted from Fos t e r  and Wright (1979). Adjusted from 1978 t o  1980 by using 
t h e  i m p l i c i t  p r i c e  d e f l a t o r  of  GNP, which i s  18%. Est imated c o s t  per pound 
o f  s eeds  on a 500-acre Jo joba  p l a n t a t i o n  e s t a b l i s h e d  on i d l e  a g r i c u l t u r a l  
l a n d s  w i t h  750-producing p l a n t s  per a c r e  y i e l d i n g  1 0  pounds o f  seed each ( i n  
1980 d o l l a r s )  . 

Year 

1 

2 

3 

4 

5 

6 

7 

8 

3 

10 

11 

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

20  

Costs per  Pound of Seed 
(Bushes Grown from Seed)  

- 

- 
- 

4.08 

2-01 

1.31 

0.97 

0.77 

0.64 

0.5'1 

0.34 

0.32 

0.29 

0.27 

0.21 

0 .24 

0.22 

0.21 

0.20 

0.20 



a f t e r  e x t r a c t i o n  i s  6 t o  1 0  c e n t s  p e r  pound ( S t u b b l e f i e l d  and Wright ,  1977) .  

Thus, t h e  p r i c e  o f  o i l  under t h e  most o p t i m i s t i c  s c e n a r i o  would e q u a l  t w i c e  

t h e  pric.e i n  t a b l e  9-2 ( 2  pounds of  s e e d  e q u a l s  1 pound of  o i l ) ,  l e s s  8  c e n t s  

( . lo  c e n t s  meal v a l u e  - 2  c e n t s  e x t r a c t i o n  c o s t ) .  There  i s  no y i e l d  i n  y e a r s  

1, 2 ,  and 3 ,  and t h e r e f o r e ,  no break-even p r i c e  p e r  pound. The break-even 

p r i c e s  shown assume a  seven-year a m o r t i z a t i o n  of  e s t a b l i s h m e n t  c o s t s  i n c u r r e d  

i n  y e a r s  1, 2 ,  and 3 .  

A f t e r  20 y e a r s ,  t h e  p r i c e  of s e e d  i s  down t o  20 c e n t s  p e r  pound. T h i s  

is e q u i v a l e n t  t o  32 c e n t s  p e r  pound f o r  o i l ,  g i v e n  t h e  assumed v a l u e  of  meal ,  

o r  $96 p e r  b a r r e l .  J o j o b a  o i l  w i l l  p robab ly  b e  economical  f o r  l u b r i c a n t s  by 

y e a r  2000 a t  t h i s  p r i c e  g iven  f u t u r e  o ' i l  p r i c e  e s t i m a t e s  of $60 and $80 d o l -  

l a r s  p e r  b a r r e l ,  and by 2 0 2 0 , . i t  may be  economical  f o r  f u e l .  However, t h i s  

assumes t h a t  p r i c e s  were h i g h  enough i n  i n i t i a l  y e a r s  t o  b r e a k  even.@While 

such c i r c u m s t a n c e s  a r e  p o s s i b l e  a t  p r e s e n t ,  once  j o j o b a  i s  e s t a b l i s h e d  i t  is. 

t h e  s t e a d y  s t a t e  p r i c e  t h a t  w i l l  be i m p o r t a n t :  That  i s ,  t h e  p r i c e  i n  con- 

s t a n t  d o l l a r s  t h a t  i s  r e q u i r e d  t o  b r e a k . e v e n  over  t h e  inves tment  p e r i o d .  

We c a l c u l a t e d  break-even p r i c e s  of o i l  f o r  c o n s t a n t  1980 d o l l a r s  by 

. u s i n g  t h e  d a t a  i n  t h e  F o s t e r  and Wright (1979)  s t u d y  f o r  y i e l d s  o f  6  and 1 0  

pounds p e r  bush. These  p r i c e s  a r e  shown i n  t a b l e  9-3. They were c a l c u l a t e d  

by e q u a t i n g  n e t  p r e s e n t  v a l u e  t o  z e r o  f o r  r e a l  d i s c o u n t  r a t e s  o f  6 and 10%. 

The 10% r a t e  i s  t h e  r a t e  recommended by t h e  O f f i c e  of Management and Budget,  

w h i l e  6% is  t h e  a v e r a g e  r e t u r n  f o r  r i s k l e s s  p r o j e c t s  f r o m  two r e c e n t  s t u d i e s  

o f  t h i s  t o p l c  ( I b b o t s e n  and S i n q u e f i e l d ,  2976; and Townsend,. 1979) .  T h i s  

a n a l y s i s  on ly .  c o n s i d e r s  "real" c o s t s ,  t h a t  i s ,  i n t e r e s t  .on inves tment  i s  

e l i m i n a t e d  because  of t h e  d i s c o u n t i n g ,  and equipment d e p r e c i a t i o n  is  used t o  

r e f l e c t  p h y s i c a l  c o s t s . *  It a l s o  i n c l u d e s  t h e  o p t i m i s t i c  a s sumpt ions  o f  50% 

n e t  o i l  y i e l d  a n d . 8  c e n t s  n e t  c r e d i t  from' s a l e  of byproduc t s .  The a n a l y s i s  

was performed . f o r  a  t h i r t y - y e a r  economic l i f e t i m e .  

*A p i e c e  of  equipment m a i n t a i n s  a  r e s a l e  v a l u e .  Thus, i f  $100 is s p e n t . i n  
yea r  1, and a t  y e a r  end $90 c o u l d  b e  o b t a i n e d  by . s a l e ,  t h e  r e a l  c o s t  of u s e  
is t h e  $10 d i f f e r e n c e .  



Table 9-3.  Est imated  Long Term Break-Eve.n P r i c e  of Jo joba  O i l  

Even t h e  most o p t i m i s t i c  s cena r io  i n  t a b l e  9-3 impl ies  t h a t  i n v e s t o r s  

r e q u i r e  a  s t a b l e  p r i c e  f o r  jojoba n i l  i.n excess of 50 c e n t s  p e r  pound ( o r  

$150 per b a r r e l )  t o  make t h e i r  investment worthwhile. This  i s  c l e a r l y  too  

750 Yield ing  Rushes Per  Acre on a  500 Acre P l a n t a t i o n  

h igh  a  p r i c e  f o r  jo joba  o i l  t o  be a t t r a c t i v e  a s  a  f u e l  i n  t h e  f o r s e e a b l e  

f u t u r e .  Jo joba  o i l  may be a t t r a c t i v e  a t  t h e s e  p r i c e s  a s  a  l u b r i c a n t  o r ,  more 

l i k e l y ,  a s  a l u b r i c a n t  a d d i t i v e .  

.- 

Maximum Yie ld  Per Acre 

4500 pounds 

7500 pounds 
-. .. 

There may be  some i n t e r e s t  i n  FEMA (Fede ra l  Emergency Management Agency) 

i n  d e c l a r i n g  jojoba o i l  a  s t r a t e g i c  and r r i . t i c a l  rooourccs  because UP frs 

s u p e r i o r  l u b r i c a t i n g  p r o p e r t i e s  (Hines,  pe r sona l  communication). Castor  o i l ,  

which is a l s o  used as a l u b r i c a n t ,  i s  c u r r e n t l y  on PEMA's l is t  of c r i t i c a l  

and s r r a t e g i c  m a t e r i a i s .  

There a r e  two obvious conc lus ions  about jojoba: 

Break-Even P r i c e s  a t  
Discount Rates  of 

1. IL Is be ing  developed a t  a  r ap id  r a t e  by p r i v a t e  i n v e s t o r s .  

6 % 

$0.72 

$0.52 
. , --- 

2 .  ; I t  i s  extremely . un . l l k~ l . y  that t h e  p r i c e  w i l l  drup t o  l e v e l s  t h a t  

w i l l  make i t  a t t r a c t i v e  a s  a f u e l  i n  the n e x t  40 .years .  

- 

10% 

$0.86 

$0.68 



9.1'6 E n e r g y  A n a l y s i s  

The high p r i c e  of j o j o b a  o i l  s e v e r e l y  l i m i t s  i t s  c a p a c i t y  as a n  energy  

s a v e r .  It's most promis ing energy  a p p l i c a t i o n  a t ,  p r o s p e c t i v e  p r i c e s  would be . 

a s  a  t r a n s m i s s i o n  f l u &  a d d i t i v e .  T h i s  would a l l o w  t r a n s m i s s i o n  f l u i d  t o  

l a s t  t h e  l i f e  o f  An au tomobi le  ( and  f o r  a  much l o n g e r  f r a c t i o n  of  heavy t r u c k  

and bus l i f e )  wi thou t .  , replacement .  However, even  i f  i t  were used f o r  a l l  

t r a n s m i s s i o n  f l u i d  (assuming t r a n s m i s s i o n  f l u i d  i s  r e p l a c e d  a t  s u g g e s t e d  

i n t e r v a l s ) ,  and - no t r a n s m i s s i o n  f u e l  were r e c y c l e d ,  g r o s s  U.S. e n e r g y  sav ' ings  

would be under 2,500 b a r r e l s  p e r  day.  

E s t i m a t i n g  n e t  e n e r g y  impac t s  o f  j o j o b a  i s  n o t  y e t  p o s s i b l e  because  no t  

enough i s  known abou t  t h e  energy  r e q u i r e m e n t s  of  b o t h  p r o c e s s i n g  and i r r i g a -  

t i o n .  Whatever t h e s e  ' r equ i rements  a r e ,  t h e  n e t  e n e r g y  impact  w i l l  be i n h e r -  

e n t l y - l o w  due t o  t h e  low g r o s s  impact .  



10.0 Meadow Foam : Limnanthes a l b a  v a r  . a l b a  (Limnan thaceae)  

Oregon S t a t e  U n i v e r s i t y  and Bohemia Company' a r e  r e sea rch ing  t h e  

p o s s i b i l i t y  of r e p l a c i n g  seed g r a s s  c rops  w i t h  Limnanthes a l b a  v a r .  a l b a .  

The r ange  of  t h i s  c rop  would probably be l i m i t e d  t o  t h e  wet v a l l e y s  of t h e  

p a c i f i c  nor thwes t .  : 

1 0 .  Products  

The seeds  of  Limnanthes a l b a  a r e  25 t o  33% o i l  (Mi l l e r  e t  a l . ,  1964) .  --- - -- 
About 95% o f  t h e ' f a t t y  a c i d s  a r e  20 t o  22 carbon a c i d s  (Gentry and M i l l e r ,  

The o i l  can a l s o  be hydrogenated; t h e  r e s u l t i n g  product i s  a  s o l i d  wax 

t h a t  i s  v e r y  hard and has  a  h igh  mel t ing  p o i n t  (Gentry and M i l l e r ,  1965).  

The seed meal i s  15 t o  25% crude p r o t e i n ,  which may be u s e f u l  a s  a  feed 

supplement (Gentry and M i l l e r ,  1965). 

10.2 L i f e  Cycle 

Limnanthus a l b a  v a r .  a l b a  i s  an herbaceous winter-spr ing annual  (White,  
. . 

1977; Cole ,  1974) t h a t  grows t o  about 12 t o  1 4  inches  (4.7 t o  5 .5  cm) i n  

h e i g h t  (Crane, pe r sona l  c'ommunica t i o n )  . 

The o i l  can be e x t r a c t e d  e i t h e r  by screw p re s s ing  the  seeds  o r  by a  

s o l v e n t  e x t r a c t i o n  system. Bohemia Company i s  i n v e s t i g a t i n g  t h e  process ing  

. o f  t h e  seed .  They a r e  concen t r a t i ng  on the  p re s s ing  method because o f  t h e  

h igh  c o s t s  of  hexane used i n  t h e  so lven t  e x t r a c t i o n  system ( t h e r e  i s  always 

some l o s s  of  s o l v e n t  i n  a  commercial s i z e  e x t r a c t i o n  p l a n t  -- Motts ,  pe r sona l  

communication). 



10.4 Qua l i t y  Parameters  

A l l  four  of t he  f a t t y  a c i d s  found i n  Limnanthes o i l  have a h igher  

molecular  weight than  common domest ic  vege t ab l e  o i l  .(Gentry and M i l l e r ,  

1965) ; however, Limnanthes o i l  i s  a t r i g l y c e r i d e  (Miwa, persona l  communica- 

t i o n ) .  

Ninety-five percent  of t h e  f a t t y  acids .  a r e  20 t o  22 carbon a c i d s  (Gentry 

and Miller,, 1965).  Unsa tura t ion  i s  p r imar i l y  a t  t h e  5 t h  carbon atom, and 

less f r e q u e n t l y ,  a t  t h e  1 3 t h  carbon atom (Gentry and Miller, 1965; Calhoun 

and Crane, 1978). According t o  Gentry and Miller (1965), Limnanthes o i l  can 

be converted t o  a product t h a t  i s ' v i r t u a l l y  i d e n t i c a l  t o  jojoba o i l  by using 

commercially a v a i l a b l e  p r a c t i c e s .    ow ever, Miwa (pe r sona l  communications), 

does no t  ag ree .  According t d  Miwa, Limnanthes o i l  i s  no more va luab le  a s  a 

l u b r i c a n t  than any o t h e r  t r i g l y c e r l d e  o i l ,  such a s  c a s t o r  o i l  o r  soybean o i l .  

10.5 Yie lds  

Limnanthes seeds  a r e  25 t o  33% o i l  (Mi l l e r  e t  a l .  1964). On i n i t i a l  

t e s t  p l o t s  (20 '  by 7 ' )  Crane obta ined  y i e l d s  o f  1800 pounds- of  seed per  a c r e .  

Under f i e l d  c o n d i t i o n s  (5 a c r e s  ' o r  more) y i e l d s  have been much lower -- 1000 

pounds of  seed per a c r e .  

Thc b iggea t  f a c t o r  i n f luenc ing  y i e l d s  i s  the  number of s eeds  t h a t  do no t  

develop. Each flower has .  thi  p o t e n t i a l  of producing 5 seeds.  OSU y i e l d s  

have averaged 2 s e e d s  per  flower (Crane, persona l  communication). There i s  a 

s l i g h t  s i z e  r educ t ion  i n  seeds when a l l  f i v e  seeds  mature ,  but t h e  t o t a l  seed 

weight  per flower i s  g r e a t e r  than i f  on ly  2 mature (Crane, pe r sona l  communi- 

c a t  ion) .  

Oregon S t a t e  Un ive r s i t y  e s t i m a t e s  t h a t  a p o t e n t i a l  of 4000 pounds of  

seed per  a c r e  is poss ib l e .  This  f i g u r e  i s  based .on  t h e  observed product ion 

of  8,400 flowers per yd2 .(10;000 f lowers  per  m2), wi th  a l l  5 seeds  

maturing. I f  4000 pounds of seed per  a c r e  is. ach ieved ,  t h i s  r e p r e s e n t s  



approximate ly  3 t o  3.5 bb l  of  o i l  per ac re .  Actual  y i e l d s  under f i e l d  

c o n d i t i o n s  have been l e s s  t h a n  1 bbl  of  o i l  per a c r e .  

10 .6  Temperature 

Given t h a t  t h i s  p l a n t  grows i n  a wide geographic  a r e a  (Oregon, Maryland, 

~ o r t h e r n  C a l i f o r n i a ,  and Alaska; Higgins e t  a l . ,  1971),  i t  probably i s  t o l e r -  

a n t . t o  a wide r ange  o f  t empera tures .  

10.7 Agronomy 

Oregon S t a t e  Un ive r s i t y  p l a n t s  20 pounds of seed per a c r e  (22 kg per  

hectare): Limnanthes a l b a  v a r .  a l b a  f i l l s  i n  i i k e  a l f a l f a  and produces about 

10 ,000  f lowers  per  s q u a r e  meter2 ,  o r  8,400 ' f l ower s  per yard2 (Crane, 

p e r s o n a l  'communication) . Compared wi th  o t h e r  v a r i e t i e s ,  t h e  p l a n t  has  

s u p e r i o r  seed r e t e n t i o n  (White, 1977),  which i s  f avo rab l e  f o r  ha rves t i ng .  

However, s eed  r e t e n t i o n  r e q u i r e s  improvement. 

. ' The  seed of Limnanthes a l b a  v a r .  a l b a  germina tes  h e s t  a t  40' (872 germi- 

n a t i o n )  and .ge rmina t e s  poo r ly  a t  room temperature  ( a t  70°F, germinat ion was 

11.3% -- Toy and Willingham, 1960).  I n  f a c t ,  t h e  optimum temperature  f o r  

g e r m i n a t i o n f o r  a l l  of t h e  t e n  acces s ions  (seven s ,pec ies )  t e s t e d  was between 

40  t o  6 0 ' ~ .  Seed germina t ion  of  a l l  a cces s ions  a t  room temperature  (72' t o  

78'F)'was p r a c t i c a l l y  zero ,  and s t u d i e s  i n d i c a t e  t h a t  warm temperatures  can 

induce  secondary dormancy (Toy and Willingham, 1960 and 1967) .  

. A t  6 d i f f e r e n t  t r e a t m e n t s ,  cnnsis t l .ng of O t o  14 days a t  8Q01?, germinn- 

t i o n  decreased from 77 t o  19% (Toy and Willingham, 1967).  Even a f t e r  seed .  

was d r i e d ,  f o r  2.5 months; remoistened,  and incubated a t  op'timum. tempera tures ,  

germina t ion  was 0%. I n  terms of commercially c u l t i v a t i n g  Limnanthes a l b a  - .... --- ....,.. ,..a. -- 

v a r .  a l b a ,  t h i s  secondary dormancy induced by warm temperatures  would be a 

d i s t i n c t  d i sadvantage  ( s e e  Breeding P o t e n t i a l  s e c t i o n ) .  



The two c u l t i v a r s  (Foamore and 703A) developed and r e g i s t e r e d  by Oregon 

S t a t e  Un ive r s i t y  have been s e l e c t e d  t o  reduce secondary dormancy (Crane, 

persona l  communication.). 

10.8 I r r i g a t i o n / w a t e r  Requirements 

Limnanthes a l b a  i s  endemic t o  P a c i f i c  c o a s t  s t a t e s ,  where i t  grows a long  

s t reams and ponds, and i n  meadows and m o i s t , d e p r e s s i o n s  of  g r a s s l a n d s  (Gentry 
i 

and Miller, 1965).  ~ r r i ~ a t i b n  w i l l  no t  be neces sa ry  because t h e  s i t e s  being 

considered f o r  commercial product ion a r e  poorl.y d ra ined ,  wet s o i l s  i n  a r e a s  

of h igh  r a i n f a l l .  

Meadow foam req .u i res  abundant mois ture  f o r  germinat ion and w e t  t o  mois t  

s o i l s  f o r  growth (Gentry and M i l l e r ,  1965; Calhoun and Crane, 1978).  

10.9 S o i l  Requirements 

Information on s o i l  requirements  is  f a r  from conclus ive .  The v a l l e y s  

where these  p l a n t s ,  w i l l  grow a r e  n o t  very  f e r t i l e  (Calhoun and Crane, 1978).  

Determining the  optimum n u t r i e n t  and s o i l  requirements  may decrease  the 

number of seeds  t h a t  abor't (Crane, persona l  communication). However, Oregon 

S t a t e  Un ive r s i t y  has  observed .a nega t ive  c o r r e l a t i o n  between seed s e t  and the  

a d d i t i o n  of n i t rogen  f e r t i 1 i z e r . s  (Crane, persona l  communication; Crane, 

Calhoun, and Ayres, 1981).  Based on a randomized complete block experimental  

des ign  w i t h  f o u r . r e p l i c a t i o n s  of f i v e  t r ea tmen t s  ( c o n t r o l ,  50 kg/ha and 100 

kg/ha of  ammonfum n i t r a t e , ;  50 kg/ha and 100 kg/ha ammonium s u l f a t e ) ,  t h e  

a d d i t i o n  of n i t r o g e n  f e r t f l i z e r  dec reased  t h e  seed o i l .  con ten t ,  and the re -  

f o r e ,  Cl~e y i e l d  of meadow-foam (Crane, Calhoun, and' Ayres,  1981).  

Limnanthes grows c h i e f l y  i n  a c i d  s o i l s  with, ,pH ranging from 5.5 t o  6.7 

(Gentry and M i l l e r ,  1965). It grows i n  wet s o i l s  and w i l l  t o l e r a t e  s t and ing  

water  f o r  s e v e r a l  months, a s  ' lnng a s  some leaves car? grow above the  water 



s u r f a c e  (Calhoun and Cr.ane, 1978) .  Calhoun and Crane (1978) found t h a t  . 

d e c r e a s i n g  t h e  wate r  s a t u r a t i o n  of t h e  s o i l  i n  exper imental  p l o t s  did' no t  

i n c r e a s e  seed  produc t ion .  

10.10 D i s e a s e s / P e s t s  

To d a t e , .  t h e r e  have been no problems w i t h  d i s e a s e s  o r  p e s t s  (Crane, 

p e r s o n a l  'communication) bu t  on ly  s m a l l  exper imenta l  and f i e l d  p l o t s  have been 

p l an t ed .  With l a r g e r  p l o t s ,  p e s t s  may be more of a  problem. 

White (1977) states t h a t  chemical weed , con t ro l  w i l l  be needed. 

10.11 b reed ing  P o t e n t i a l  

There  a r e ,  n i n e  s p e c i e s  and e leven  v a r i e t i e s  o f  Limnanthes (White,  1977) .  

Limnanthes a l b a  v a r .  a l b a  was chosen f o r  development by Oregon S t a t e  Univer- 

s i t y  (Crane, p e r s o n a l  communication) because of i t s  s u p e r i o r  seed r e t e n t i o n  

and u p r i g h t  growth. The o t h e r  v a r i e t i e s  and s p e c i e s  a r e  cons idered  t o  be f a r  

i n f e r i o r  a s  p o t e n t i a l  c rops ;  however, several. have d e s i r a b l e  t r a i t o  t h a t  w i l l  

be. used i n  f u t u r e  g e n e t i c  improvement work. For example, one of t h e  problems 

w i t h  L. a l b a  v a r .  a l b a  is  t h a t  i t  h a s  a  low seed s e t .  Low seed s e t  may be  - -  - 
due t o  inadequa te  p o l l i n a t i o n ,  s i n c e  - -  L. a l b a  v a r .  a l b a  i s  not se l f -compat ib le  

& 

( i n  'o ther  words, f o r  f e r t i l i z a t i o n  t o  occur  and a  seed t o  be formed, t h e  pol- 

l e n  musr o r i g i n a t e  from a d i f f e r e n t  p l a n t  t han  t h e  p l a n t  bea r ing  t h e  f l ower ) .  

Oregon S t a t e  U n i v e r s i t y  w i l l  a t t empt  t o  breed s e l f - c o m p a t i b i l i t y  i n t o  L. - -  a l b a  

v a r .  a l b a  by c r o s s  f e r t i l i z i n g  w i th  - L. f l o c c o s s a  v a r ,  f l o c c o s s a ,  whi.rh w i l l  

s e l f  p o l l i n a t e  (Crane, p e r s o n a l  communication).. 

Oregon A g r i c u l t u r a l  Experimental  S t a t i o n  has  r e g i s t e r e d  t h e  c u l t i v a r  

"Foamore" (White, 1977) .  This  p l an t  was developed by Oregon S t a t e  Univer- 
, , . . 

s i t y .  Two of i t s  main advantages  a r e  i t s  u p r i g h t  growth and seed r e t e n t i o n  

(P r incen ,  1977) .  



OSU h a s  a l s o  developed and r e g i s t e r e d  another  v a r i e t y ,  which t o  d a t e  i s  • not'named ( r e g i s t e r e d  a s  703A).  This p l an t  has fewer problems with secondary 

dormancy of  seeds  ( s e e  Agronomy s e c t i o n )  than Foamore (Crane, persona l  commu- 

n i c a  t i o n ) .  The breeding of t h i s  p l an t  t o  reduce .  secondary dormancy was done 

t o t a l l y  by s e l e c t i o n  wi th  L. - -  a lba .  v a r .  a l b a .  I f  secondary dormancy remains a  

problem wi th  t h i s  c u l t i v a r ,  t h e r e  a r e  two species of Limnanthes t h a t  could be 

used f o r  breeding:  - -  L. a l b a  v a r .  v e r s i c o l o r  and - L. s t r i a t a .  ,Both of t h e s e  

s p e c i e s  have l i t t l e  o r  no secondary dormancy i n  seed (Toy and Willingham, 

1967). 

10.12 Breeding Goals 

Breeding g o a l s  w i l l  va ry  and w i l l  depend upon where t h e  c u l t i v a r  i s  t o  

be  p lan ted .  Oregon, Maryland, Northern C a l i f o r n i a ,  and Alaska appear t o  be 

p o s s i b i l i t i e s .  For example , . e a r ly  f lower ing  may be s e l e c t e d  f o r  i n  c u l t i v a r s  

grown i n  C a l i f o r n i a  i n  o rde r  'to avoid t he  h o t ,  d r y  summer (Higgins  e t  a l . ,  

Other breeding goa l s  f o r  t h i s  p l a n t  may inc lude  t h e  fo l lowing:  

1 ) Increase  seed r e ' t en t  ion 

2 )  Inc rease  seed s e t  

3 )  Inc rease  seed y i e l d  

4 )  Se l ec t  f o r  up r igh t  growth 

5)  Break secondary 'seed dormancy 

Other g e n e t i c  c h a r a c t e r i s t i c s  may be r e q u i r e d ,  however, ve ry  l i t t l e  

r e s e a r c h  has  been done t o  . da t e .  



10.13 Environmental Impacts  

T h i s  c r o p  i s  be ing  i n v e s t i g a t e d  a s  a replacement f o r  seed g r a s s  c rops  i n  

t h e  wet v a l l e y s  o f  t h e  P a c i f i c  Northwest. The Oregon Department of Environ- 

menta l  Q u a l i t y  i s  i n t e r e s t e d  i n  r e p l a c i n g  seed g r a s s e s  because once the  seed 

i s  ' h a r v e s t e d ,  t h e  s t r aw  must be burned.   his has exacerbated a i r  p o l l u t i o n  

problems (Crane, pe r sona l  communication). 

Therefore ,  t h e  environmental  impacts  known 'to d a t e  a r e  l a r g e l y  p o s i t i v e .  



11.0 Other  Hydrocarbon Produc ing  P l a n t s  

Numerous o t h e r  p l a n t s  have been s u g g e s t e d , a s  s o u r c e s  of hydrocarbon.  

For  example, Ruchanan and coworkers have w r i t t e n  s e v e r a l  papers  on hundreds  

o f  s p e c i e s  t h a t  t h e y  have ana lyzed  f o r  hydrocarbon c o n t e n t .  U n f o r t u n a t e l y ,  

t h e r e  i s  n o t  enough i n f o r m a t i o n  on most of t h e s e  p l a n t s  i n  the l i t e r a t u r e  t o  
I 

do a  d e t a i l e d  a n a l y s i s  of t h e i r  t e c h n i c a l  and economic f e a s i b i l i t y .  F u r t h e r ,  

t h e s e  r e s e a r c h e r s  ana lyzed  from one t o  s i x  p l a n t s  f o r  each s p e c i e s ,  and most 

v a l u e s  f o r  hydrocarbon c o n t e n t  were based on samples from two t o  t h r e e  

p l a n t s .  S i n c e  hydrocarbon c o n t e n t s  can v a r y  t remendously  t n  wi ld  p l a n t s  

( rubber  c o n t e n t  of guayule  i n  n a t i v e  s t a n d s  i s  5 t o  20 p e r c e n t  of t h e  p l a n t  

w e i g h t ) ,  i t  would be d i f f i c u l t  t o  make even a  p r e l i m i n a r y  s e l e c t i o n  of 

promising p l a n t s  from t h i s  d a t a .  

Rodriguez '  and w r i t  t e n  c o m m u n i c a t i ~ n s )  has  i n v e s t i g a t e d  t h e  

p o t e n t i a l  of v a r i o u s  p l a n t s  from ~ a j a ,  C a l i f o r n i a  and from t h e  Chihuahuan 

d e s e r t .  We d i d  n o t  a s s e s s  t h i s  r e s e a r c h  because  most of t h e s e  p l a n t s  have a  

l i m i t e d  range  i n  t h e  Uni ted S t a t e s .  

A d e t a i l e d  s t u d y  on Russian d a n d e l i o n  (kok-saghzy) was r e p o r t e d  by 

Whaley and Bowen (1947).  Th i s  s t u d y  i n d i c a t e d  some p o t e n t i a l  i n  t h e  commer- 

c i a l  c u l t i v a t i o n  o f  t h i s  p l a n t  f o r  rubber .  However, w e  d i d  n o t  a s s e s s  t h i s  

p l a n t  because  Whaley and Bowen's work i n d i c a t e d  t h a t  kok-saghz r e q u i r e s  

f e r t i l e ,  h i g h l y  o r g a n i c  s o i l ,  and an  abundance of m o i s t u r e  d u r i n g  i ts  growing 

season .  



P a r t  B 

INSTITUTIONAL BARRIERS 

It has  been proposed i n  t h e  l i t e r a t u r e  (Johnson and Hinman, 1980) t h a t  8 

t o  12  m i l l i o n  h e c t a r e s  (20 t o  30 m i l l i o n  a c r e s )  of semi-arid o r  a r i d  l and ,  

most of  which h a s  never  been c u l t i v a t e d ,  i s  s u i t a b l e  f o r  growing energy 

c rops .  Therefore ,  we have examined some of t h e  major i n s t i t u t i o n a l  b a r r i e r s  

t h a t  may be  encountered by deve lopers  of  p r e s e n t l y  uncu l t i va t ed  land i.n t h e  

southwest .  

From our  assessment  of a v a i l a b l e  d a t a  of hydrocarbon and rubber  produc- 

ing p l a n t s  ( P a r t  A ) ,  w e  a r e  n o t  convinced t h a t  t h e  c u l t i v a t i o n  of any of  

t h e s e  energy c rops  on a r i d  l a n d s  w i l l  be p o s s i b l e  without  i r r i g a t i o n .  In  

a d d i t i o n ,  i t  i s  ou r  op in ion  t h a t  t h e  problems a r i s i n g  from the  l a c k  of water 

and t h e  r i g h t s  t o  water  s u p p l i e s  i n  t h e  southwest w i l l  prevent  any l a rge -  

s c a l e  development of  p r e s e n t l y  uncu l t i va t ed  l ands .  

The fo l lowing  s e c t i o n s  d i s c u s s  t h e  a v a i l a b i l i t y  of water and land i n  the 

s o u t h v ~ s t  , a s  wel l  a s  t h e  i m p l i c a t i o n s  o f  t h e  ~ n d a t i ~ e r e h  Species  Act of 1973 

and s t a t e  noxious weed lawslon t h e  d ~ ~ r ~ l n p e n t  of hydrocarbon and rubber pru- 

ducing p l a n t s .  



1.0 Recommendations 

Our a n a l y s i s  of t h e  water s i t u a t i o n  i n  the  southwestern United S t a t e s  

(which included c o n s i d e r a t i o n  of t h r e e  r e c e n t  r e p o r t s : l  Arizona Water 

Commission, 1977; U. S. Water Resources Council ,  1978; Congressional  

Research Se rv i ce ,  1980) i n d i c a t e s  t h a t  t he  c u l t i v a t i o n  of l a r g e  amounts of  

unfarmed a r i d  land i n  t h e  southwest would be u n l i k e l y .  This conc lus ion  i s  

based on the  fol lowing f a c t s :  

A l l  , o f  t h e  d e s e r t  and semi-arid p l a n t s  examined t o  d a t e  r e q u i r e  
/ 

some i r r i g a t i o n  f o r  l a rge - sca l e  c u l t i v a t i o n ,  e s p e c i a l l y  when 

i n i t i a l l y  e s t a b l i s h i n g  the  p l a n t  ( p a r t  A). 

Dryland farming of t h e s e  p l a n t s  i n  t he  southwest i s  unproven; i n  

any ca se ,  i t  i s  c l e a r  t h a t  y i e l d s  from u n i r r i g a t e d  c rops  i n  a r i d  . . 

l a n d s  would be g r e a t l y  reduced. 

Most hydrocarbon o r  rubber  producing p l a n t s  r e q u i r e  15 t o  2 4  i nches  

of r a i n f a l l  per yea r ;  t h e r e f o r e ,  some i r r i g a t i o n  w i l l  be necessary  

t o  grow 'them i n  t h e  southwest.  

Water s u p p l i e s  a r e  extremely l i m i t e d  i n  t he  southwest .  For 

example, i n  Arizona, groundwater p rovides  most of t h e  water f o r  

i r r i g a t i o n ,  and t h e s e  s u p p l i e s  a r e  being deple ted  a t  t he  r a t e  of 

2.2 m i l l i o n  ac re - f ee t  (maf) per year .  

A s  a r e s u l t  o f s c a r c e  s u p p l i e s ,  water use Is h igh ly  r e s t r i c t e d  i n  

t h e  southwest ( s e e  appendix A a t  t h e  end of P a r t  B) . 

l abbrev ia ted  AWC i n  remainder of d i s c u s s i o n  
*abbreviated WRC i n  remainder of d i s c u s s i o n  
3abbreviated CRS i n  remainder of  d i s c u s s i o n  



T h e r e f o r e ,  g i v e n  t h a t  t h e  g r o s s  annua l  w a t e r  requ i rements  of nat  l.ve 

d e s e r t  p l a n t s  a r e  lower t h a n  those  of t r a d i t i o n a l  c r o p  p l a n t s * ,  and t h a t  

w a t e r  r e s o u r c e s  a r e  e x t r e m e l y  l i m i t e d  i n  t h e  sou thwes te rn  Uni ted S t a t e s  ( s e e  

s e c t i o n  2.0, P a r t  B ) ,  we  conc lude  t h a t  arid-1,and c r o p s  w i l l  be grown p r i -  

m a r i l y  as replacement  c r o p s .  That is ,  t h e y  w i l l  be grown on 1.ands t h a t  

o t h e r w i s e  would. have gone o u t  of p r o d u c t i o n  because  t h e y  were no l o n g e r  

economic f o r  t r a d i t i o n a l  c r o p s .  There  may be one e x c e p t i o n  t o  t h i s  con- 

c l u s i o n .  Some a r i d - l a n d  c r o p s  may be more t o l e r a n t  of saline i r r i g a t i o n  

w a t e r  and s a l i n i z e d  s o i l s  t h a n  t r a d i t i o n a l  crops, and t h e r e f n r e ,  grnwn on 

m a r g i n a l  l a n d s  w i t h  lower  q u a l i t y  i r r i g a t i o n  w a t e r .  

Hydrocarbon and r u b b e r  a r e  n o t  t h e  on ly  p r o d u c t s  t h a t  can be d c r i v c d  

from dese r ' t  p l a n t s .  For example, Karp i scak  e t  al , .  (1980)  have sugges ted  t h a t  

S a l s o l a  k a l i  L. ( R u s s i a n  t h i s t l e  o r  tumbleweed) be developed f o r  a r i d  l a n d s  

as a  s o u r c e  of b u r n a b l e  biomass.  Other  d e s e r t  p l a n t s  t h a t  have been inves -  

t i g a t e d  f o r  t h e i r  v a l u e  a s  f o r a g e  p l a n t s ,  such a s  A r t e m i s i a ,  A t r i p l e x ,  

Ceanothus ,  C e r a t o n i a ,  D a l b e r g i a ,  E u r o t i a ,  Lucaena, Lupinus ,  Morginga, 

P r o s o p i s ,  P u r e r i a ,  Quercus ,  S a l i x ,  S e s b a n i a ,  S u t h e r l a n d i a ,  and Opuntia 

(Goodin and McKell, 1971) .  may have some y e t  u n d i s c n v ~ r ~ r l  1 7 ~ 1 1 1 ~  a 6  a 2  enOrgy 

c r o p  f o r  e i t h e r  b u r n a b l e  biomass o r  b ioconvers ' ion t o  a l c o h o l .  

Tn o r d e r  to '  compare .hydrocarbon produc ing  p l a n t s  w i t h  o t h e r  p l a n t  

s o u r c e s  of energy ,  we recommend t h a t  a  n e t  energy t o  w a t e r  e f f i c i e n c y  -- t h a t  

i s ,  t h e  r a t i o  of n e t  B t u ' s  produced t o  t h e  amount of w a t e r  consumed -- be 

e x p e r i m e n t a i l y  d e t e r m i n e d  f o r  each p o t e n t i a l  a r i d  c r o p  s p e c i e s .  T h i s  e f f i -  

c i e n c y ,  t o g e t h e r  w i t h  t h e  economic v a l u e  of t h e  energy p roduc t ,  would g r e a t l y  

a i d  i n  a s s e s s i n g  t h e  p o t e n t i a l ' o f  a l l  k i n d s  of energy c r o p s  f o r  a r i d  l a n d s .  

I n  some c a s e s ,  t h e  economic v a l u e  nf t h e  prnduct may be weighted more h e a v i l y  

t h a n  t h e  net energy t n  water c f f l e i e n c y r  For e x n i ~ ~ l ~ l c ,  l u b b e r  Is a straregic 

and c r i t i c a l  r e s o u r c e  and i t  has  a  premium economic value.. T h e r e f o r e ,  

rubber-producing p l a n t s  might  be grown i n s t e a d  o f '  p l a n t s  t h a t  have a  h i g h e r  

n e t  e n e r g y  t o  wa te r  e f f i c i e n c y ,  but l e s s  va1.11abl.e p r o d u c t s .  

* I n  P i n a l  County, Arizona,  c o t t o n  consumes 40 i n c h e s  of wa tdr  year  and 
a l f a l f a ,  70 i n c h e s  (AWC, 1977) .  



2.0 o v e r a l l  WaterILand A v a i l a b i l i t y  i n  t h e  Southwest 

The water  s u p p l y  s i t u a t i o n  i n  t h e  sou thwes t  i s  q u e s t i o n a b l e .  F i g u r e  2-1 

and 2-2 show t h e  c r i ' t i c a l  groundwater and s u r f a c e  w a t e r s  i n  t h e  Uni ted 

S t a t e s ,  a s  d e f i n e d  by t h e  u.s.' Water Resources  Counci l  (1980).  As  shown, 

c r i t i c a l .  supp ly  ,problems e x i s t  w i t h  b o t h  o f  t h e s e  s o u r c e s  o f  w a t e r  i n  t h e  
9 

southwest .  Groundwater o v e r d r a f t *  i n  t h e  Texas-Oklahoma High P l a i n s  a r e a  i s  

.14 m i l l i o n  a c r e - f e e t  o r  more t h a n  12,500 mgd ( m i l l i o n  g a l l o n s  per d a y ) ,  which 

. i s  an amount e q u a l  . to  t h e  n a t u r a l  f low of t h e  Colorado Rive,r (WRC, 1980) .  

The o v e r d r a f t  i n  t h i s  a r e a  i s  t h e  most s e v e r e  i n  t h e  c o u n t r y .  I n  some a r e a s ,  

groundwater  l e v e l s  a r e  d e c l i n i n g ' f r o m  7  t o  1 0  f e e t  per. y e a r  (WRC, 1 9 8 0 ) .  

Tab le  2-1 i n d i c a t e s  t h e  groundwater  s i t u a t i o n  i n  t h e  southwest  ( r e f e r  t o  

f i g u r e  2-3). 

Tab le  2-1. Groundwater O v e r d r a f t  i n  t h e  Southwest 

P e r c e n t  o v e r d r a f t  f o r  t h e  conterminous  Uni ted S t a t e s  i s  25.4 p e r c e n t .  

I r r i g a t i o n  accounted f o r  40  p e r c e n t  o f  t h e  wa te r  withdrawn, and 8 3  p e r c e n t  of 

t h e  wa te r  consumed. A s  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s ,  i r r i g a t i o n  i s  a  

Texas-Gulf 

R io  Grande 

Lower Colorado 

C a l i f o r n i a  

v e r y  l a r g e  f a c t o r  i n  t h e  consumption of w a t e r  and i n  t h e  o v e r d r a f t  o f  ground- 

wa tcr . 
*An a q u i f e r  is  s a i d  t o  be overdrawn when wate r  is  withdrawn from i t  a t  a  r a t e  

( f rom WRC, 1980) 
L - 

T o t a l  Withdrawal 
(MGD 

7,222 

2,335 

5 ,008 

19,160 

g r e a t e r  t h a n  t h e  long-term r a t e  of r e c h a r g e .  

O v e r d r a f t  Range 
(%) With1.n Region 

24 t o  95 

22 t o  43  

7  t o  5 3  

7 t o  31 

Overdra f t  
T o t a l  

5 ,578 

65 7  

2 ,415 

2,197 

P e r c e n t  

77.2 

28.1 

48.2 

11.5  



2 ' .  . . 

Explanation. 

Subregion with inadequate streamflow ("1975'-2000) 
(from WRC, 1978) 

70 percent depleted in zverage y e a  . 
70 percent depleted in i r y  year ' 

0 Less than 70 percent depleted 

A drop irrigation 

Figure 2-1. Inadequate Surface Water Supply and Related Problems 



Explanation 
Area problem (from WRC, 1978) 

a Area in whizn significant ground-water overdraft is occurring 
0 Unshaded area may not be problem-free. but the problem was not considered major 

Declining graund-water levels 
8 Saline-water intrusion into fresh-water aquifers 

Figure 2-2. Groundwater Overdraft and Related Problems 



- SOURISRED 

PUERTO RlCO 

(fromi WRC, 1.978) 

Figure 2-3. Water Resources Regions 



2.1 Arizona 

The Arizona Water Commission (1977)  shou ld  be r e f e r r e d  t o  f o r  a  more 

d e t a i l e d  rev iew of t h e  wa te r  s i t u a t i o n  i n  Ar izona .  According t o  t h i s  r e p o r t ,  

o v e r  33  m i l l i o n  a c r e s  of l a n d  i n  Arizona a r e  s u i t a b l e  f o r  c r o p  p r o d u c t i o n  i n  

Arizona,  but  c r o p  l a n d  i n  1970 accoun ted  f o r  o n l y  1.2 m i l l i o n  a c r e s .  The 

Commission c i t e s  t h e  l a c k  of  a  dependable  and a f f o r d a b l e  supp ly  of w a t e r  a s  

t h e  most s i g n i f i c a n t  r e a s o n  f o r  t h e  f a c t  t h a t  t h i s  a r a b l e  l a n d  i s  n o t  farmed.  

I n  a d d i t i o n  t o  t h e  s c a r c i t y  of s u p p l y  and t o  t h e  expense  of pumping 

w a t e r  f a r  i r r i g a t i o n ,  t h e r e  a r e  a l s o  l e g a l  b a r r i e r s  ( s e e  appendix  A ) .  Under 

t h e  c r i t i c a l  groundwater  a r e a  l aw ( A r i z .  Rev. S t a t .  27-667 e t  s e q )  t h e  

Arizona Water Commission, which h a s  c o n t r o l  and s u p e r v i s i o n  of s t a t e  w a t e r s ,  

i s  p r o h i b i t e d  from i s s u i n g  p e r m i t s  f o r  t h e  development of  new w e l l s  t o  b r i n g  

new l a n d s  under i r r i g a t i o n  i n  a r e a s  d e c l a r e d  c r i t i c a l .  C r i t i c a l  a r e a s  a r e  

d e f i n e d  a s  b a s i n s  t h a t  do n o t  have s u f f i c i e n t  groundwater  t o  p r o v i d e  a  

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

of wi thdrawal  ( A r i z .  Rev . 'S ta t . .  45-301). These  a r e a s  i n c l u d e  P i n a l  County, 

t h e  P r e s c o t t  r e g i o n ,  t h e  Tucson r e g i o n ,  and t h e  Phoenix  r e g i o n  ( f i g u r e  2-4). 

F u r t h e r ,  when t h e r e  a r e  c o n f l i c t i n g  u s e s  of a  w a t e r  s u p p l y ,  domes t i c  and 

m u n i c i p a l  u s e s  have p recedence  o v e r  i r r i g a t i o n  needs  ( ~ r i z  . Rev. S t a t .  

F i g u r e  2-1 shows a r e a s  d e s i g n a t e d  by t h e  U.S. Water Resources  Counc'il  t o  

have s i g n i f i c a n t  groundwater  o v e r d r a f t  problems. T h i s  area i s  mueh l a r g e r  

t h a n  t h e  a r e a  i d e n t i f i e d  by t h e  Ar izona  Water Commiss ion.as  be ing  c r i t i c a l  

groundwater  a r e a s .  T h e r e f o r e ,  t h e  former  may p rov ide  a n  i n d i c a t i o n  of a r e a s  

i n  which t h e  Commission w i l l  r e s t r i c t  t h e  d r i l l i n g  of a g r i c u l t u r a l  w e l l s  i n  

t h e  f u t u r e .  

I r r i g a t i o n  a c c o u n t s  f o r  89 p e r c e n t  of a l l  t h e  water co~~sulurcl  i n  the 

s t a t e  o f  Arizona (AWC, 1977).  S i x t y  p e r c e n t  o f  A r i z o n a ' s  a n n u a l  wi thdrawals  

of  w a t e r  a r e  from groundwater  s u p p l i e s  (CRS, 1980) .  S i n c e  groundwater  sup- 

p l i e s  a r e  r e p l e n i s h e d  by n a t u r a l  p r e c i p i t a t i o n ,  which i s  l e s s  t h a n  5 i n c h e s  

pe r  y e a r  i n  t h e  s o u t h w e s t ~ r n  p a r t  of t h e  sLaLe ( f l g u r c  2-5) ,  e x t e n s i v ~  l lse 



Figure 2-4. Counties of Arizona 
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o f  t h e  g roundwate r  i n  t h i s  r e g i o n  may c a u s e  o v e r d r a f t i n g .  The a r e a s  t h a t  a r e  

c u r r e n t l y  i d e n t i f i e d  a s  c r i t i c a l  groundwater  regi.ons r e c e i v e  abou t  15  i n c h c s  

o f  r a i n f a l l  p e r  y e a r .  Given t h e  low p r e c i p i t a t i o n ,  h i g h  e v a p o r a t i o n  r a t e ,  

and  h i g h  r a t e  o f  w i t h d r a w a l s ,  i t  i s  n o t  s u r p r i s i n g  t h a t  groundwaters  i n  

Ar izona  a r e  b e i n g  d e p l e t e d  a t  t h e . r a t e  of 2 .2  rnaf p e r ' y e a r  (AWC, 1977) .  

2.2 C a l i f o r n i a  

A C o n g r e s s i o n a l  R e s e a r c h  S e r v i c e  (1980)  r e p o r t  c o n c l u d e s  t h a t  t h e  s u p p l y  

o f  w a t e r  i n  C a l i f o r n i a  i s  f a v o r a b l e ,  b u t  i n c r e a s e s  i n  i r r i g a t i o n  cou ld  a l t e r  

t h i s  c o n c l u s i o n .  The b a s e  y e a r  lrsed f o r  t h e  s t u d y  wae 1975. I n  t h a t  y e a r ,  

9 1  p e r c e n t  o f . t h e  w a t e r  consumed i n  C a l i f o r n i a  was used f o r  i r r i g a t i o n .  

The most  s i g n i f i c a n t  problems w i t h  w a t e r  s u p p l y  i d e n t i f i e d  i n  t h i s  

r e p o r t  were an  i n a d e q u a t e  s u p p l y  of s u r f a c e  w a t e r  and o v e r d r a i t i n g  o f  ground- 

w a t e r  s u p p l i e s .  Of t h e  7.6 m i l l i o n  a c r e  f e e t  (maf)  of w a t e r  removed a n n u a l l y  

i n  C a l i f o r n i a ,  2 .2  maf were. i n  o v e r d r a f t .  Two w a t e r  p r o j e c t s  ( S t a t e  Water 

P r o j e c t  and C e n t r a l  V a l l e y  Project.) a r p  ~xpprtp.r!  to i n c r ~ a l ~ o  ~ h c  w n t r r :  nrrpply 

by 1990, b u t  C a l i f o r n i a ' s  s u p p l y  from t h e  Colorado R i v e r  w i l l  be c u t  by 

750 ,000  maf b e c a u s e  of a  Supreme Court  d e c l s i o n .  

C a l i f o r n i a ' s  a n n u a l  p r e c i p i t a t i o n  v a r i e s  from 4 t o  8 0  i n c h e s  ( s e e  f i g u r e  

2-6),  however, most of t h e  a r e a s  w i t h  r a i n f a l l  g r e a t e r  t h a n  30 i n c h e s  p e r  

y e a r  a r e  i n  t h e  mounta ins .  Most of t h e  s o u t h e r n  h a l f  o f  t h e  s t a t e  ( t h e  

r e g i o n  u s u a l l y  s u g g e s t e d  f o r  growing hydrocarbon and r u b b e r  producing p l a n t s  

such  a s  g u a y u l e )  r e c e i v e s  4  t o  16 i n c h e s  p e r  y e a r ,  w i t h  mountainous r e g i o n s  

r e c e i v i n g  up t o  4 0  i n c h e s .  Most of t h e  l a n d  i n  s o u t h e r n  C a l i f o r n i a  t h a t  i s  

n o t  c u r r e n t l y  b e i n g  farmed ( f i g u r e  2-7) and i s  not i n  t h e  mounta ins  ( s e e  

s e c t i o n  3 . O ,  f i g u r e  3-2) is i n  a r e a s ,  such as t h e  s o u t h e a s t e r n  p a r t  o f .  t h e  

s t a t e ,  t h a t  r e c e i v e  4  t o  8  i n c h e s  o f  r a i n .  T h e r e f o r e ,  i t  i s  ex t remely  

u n l i k e l y  t h a t  hydrocarbon o r  r u b b e r  producing crops cou ld  be grown commer- 

e i a l l y  w i t h o u t  i r r i g a t i o n  i n  t h i s  r e g i o n .  F u r t h e r ,  l a n d  c o s t s  i n  most of 

C a l i f o r n i a  a r e  e x t r e m e l y  h i g h .  
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b 2.3 New Mexico 

The Congressional Research Service r epor t  (1980) concludes tha t  water 

supply is an overr id ing i s s u e  i n  New Mexico. The study s t a t e s  t h a t  even i f  

conservative growth trends a r e  r ea l i zed ,  continued and increased overdraf t ing  

w i l l  occur by t h e  year  2000. 

Average p r e c i p i t a t i o n  i n  New Mexico i s  15 inches per  year .  Prec ip i -  

t a t i o n  ranges from 8 t o  40 inches per year  ( s e e  f i g u r e  2-8), but most of 

the  a reas  t h a t  rece ive  over 20 inches per  year a r e  l ~ c a t e d  i n  t h e  mountain- 

ous regions. During average years ,  the re  is  an inadequate su r face  water  

supply -- dep le t ions  l e v e l s  a r e  i n  excess of 70 percent  over most of the  

s t a t e .  Groundwater overdraf t  i s  a l s o  extensive (CRS, 1980). 

Areas c u r r e n t l y  being c u l t i v a t e d  are shown i n  f i g u r e  2-9. I r r i g a t i o n  

cons t i tu ted  91 percent of t h e  water withdrawn i n  1975, and approximately 50 

1 
percent of t h i s  was used consumptively (CRS, 1980). 

2.4 Texas 

I 

The Congressional Research Service r epor t  (1980) s t a t e s  t h a t  Texas has 

an  inadequate su r face  supply of water, and t h a t  the re  a r e  se r ious  overdraft-  

ing prublems i n  Houston-Galveston, For t  Worth-Dallas, E l  Paso, Winter Garden 

(south  Texas) and High P l a i n s  (west Texas) a r e a s  of the  s t a t e .  According to 

t h i s  ana lys i s ,  t he  l e v e l  of water withdrawals i n  t h e  year 2000 w i l l  be 

impacted c h i e f l y  by i r r i g a t i o n  and steam e l e c t r i c  cooling, and they projec t  

t h a t  water withdrawn f o r  i r r i g a t i o n  w i l l  increase  by 40 percent  during t h i s  

time period. 

I r r i g a t i o n  accounted f o r  75 percent  of a l l  t h e  water  used, and f o r  85 

percent of t h e  groundwater used i n  1975 (CRS, 1980). Of the  t o t a l  water used 

consumptively, i r r i g a t i o n  accounted f o r  approximately 92 percent.  R a i n f a l l  

 increase^ from 8 inches per  year i n  t h e  western p a r t  of the  s t a t e  t o  56 

inches per year  i n  the  extreme eas te rn  p a r t  of the  s t a t e  ( f i g u r e  2-10). 
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Therefore, the  s e v e r i t y  of groundwater overdraf t ing  w i l l  probably continue t o  

be t h e  g r e a t e s t  i n  t h e  western ha l f  of t h e  s t a t e .  

Texas has approximately 8.6 mi l l ion  a c r e s  of land t h a t  a r e  i r r i g a t e d  f o r  

a g r i c u l t u r e  and about 35 m i l l i o n  ac res  t h a t  could be p o t e n t i a l l y  i r r i g a t e d  

and developed f o r  cropland (CRS, 1980). The i r r i g a t e d  acreage i n  Texas i s  

expected t o  decrease i n  the  fu tu re ,  unless  new sources of water a r e  found 

(Texas Almanac, 1980/1981). 



3.0 Land Ava i lab i l i ty  i n  the  Southwest 

Much of the  land i n  Arizona, Ca l i fo rn ia ,  New Mexico, and Texas i s  

mountainous and could not  be cu l t iva ted  on a l a rge  s c a l e  ( f i g u r e s  3-1 t o  

3-4). Fur ther ,  much of the  remaining land is unavailable because of various 

i n s t i t u t i o n a l  reasons. The following i s  a br ief  d iscuss ion of the avai l -  

a b i l i t y  of  land i n  each of t h e  fbur s t a t e s .  

3.1 Arizona 

Only 1.96 percent  of t h e  land i n  Arizona i s  present ly  being c u l t i v a t e d  

(Walker and Bufkin, 1979). Much of t h e  r e m i n d e r  nf the s t a t e  i o  unavailable 

f o r  a g r i c u l t u r a l  development by p r iva te  concerns. For example, Indian reser-  

va t ions  alone c o n s t i t u t e  27 percent  of the  land i n  the  s t a t e ,  and na t iona l  

f o r e s t s ,  parks, and monuments c o n s t i t u t e  over 19 percent ( a l s o  s e e  t a b l e  3-1 

and f i g u r e  3-5). 

Table 3-1. Land Ownership i n  Arizona 

1 .  

h e r s h i p  o r  J u r i s d i c t i o n  
I 

Federa l  Lands 

Indian rese rva t ions  
U.S. f o r e s t s  
Bureau of Land Management (BLM) 
National  parks and monuments 
Depar t m e a t  of Defense 
A l l  o the r  f e d e r a l  lands--misc, 

depte . 
S t a t e  Lands 

I 

Arizona Land Department 
Arizona Fish and Game 
Arizona s take  parks 

P r i v a t e  Lands 
4 

Cropland ( i r r i g a t e d  a g r i c u l t u r e )  

(from Walker and Bufkin, 1979) 

Percentage of ~ o t a l  Area of Arizona 

70.70 

27 .OO 
15.67 
17.54 
3 -42 
5 -01 
2 .06 

13.26 

13.20 
0.03 
0.03 

16 -04 

1.96 
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I f  hydrocarbon p l a n t s  a r e  used as replacement crops, they w i l l  probably 

compete with co t ton ,  a l f a l f a ,  and wheat, which are the  leading crops of 

A r i e o n ~  (AWC, 1977; Arizona Yearbook, 197911980). 

3.2 C a l i  f o r n i a  

Ca l i fo rn ia  is  t h e  n a t i o n ' s  leading farm s t a t e  (Ca l i fo rn ia  S t a t i s t i c a l  

Abstract ,  1979). Thirty-three percent of Ca l i fo rn ia ' s  land i s  i n  farmland 

( r e f e r  t o  s e c t i o n  2 ,  f i g u r e  2-11, and d g h t  percent uf Lhe land i s  harvested 

cropland (93 percent  of which is i r r i g a t e d ) .  P f  hydrocarbon p lan t s  a r e  used 

a s  replacement crops i n  t h i s  s t a t e ,  they w i l l  compete s t rongly  with food 

crops. 

As allown i n  t a b l e  3-2, t h e  f e d e r a l  government owns 45 percent of the  

s t a t e ,  and t h e  S t a t e  of Ca l i fo rn ia  owns 1 percent.  Indian reservat ions  

c o n s t i t u t e  only a s m a l l  percentage of the  s t a t e  ( s e e  f i g u r e  3-6). 

Table 3-2 Real property of U.S. G ~ v e r n m ~ n t  i n  Cnl ifornla, 1375 

(compiled from da ta  i n  Ca l i fo rn ia  S t a t i s t i c a l  Abstract ,  1979). 

U . S .  Government -- Tota l  

Department of Agr icul ture  

Fores t  Department 

Department of Defense 

Department of I n t e t i o r  

Bureau of Land Management 
National  Park Service 
OLher ( inc luding Bureau of Land 

Reclamation, Fish and Wildl i fe  
Service,  Bureau of Indian 
A f f a i r s ,  and o the rs )  

- 

Other f e d e r a l  agencies 

S t a t e  Parks, Reserves, H i s t o r i c  
Parks and Recreat ional  Areas 

Percent of Area of S t a t e  

4 5 
J 

20 
-- 

4 

2 1 

15 
4 
2 

n e g l i g i b l e  

1 
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3.3  New Mexico 

I n  Mew Mexico, f e d e r a l ,  s t a t e ,  and Indian lands comprise 55 percent of 

t h e  s t d t e  ( t a b l e  3-3). Forty-five percent of t h e  s t a t e  is  p r i v a t e l y  owned 

( f i g u r e  3-7) . 
X! 

? 

Table 3-3. Ownership of Land i n  New Mexico 

(der ived from d a t a  i n  t h e  New Mexico Abstract ,  1979/1980). 

Ownership 
t 

< .. . < - . .  ., - , . 
Federa l  

I ndicnn 

S t a t e  

P r i v a t e l o t h e r  

I f  Lydrocarbou and rub'ber producing plants  are t o  be grown as replace- 

Percent of S t a t e  

34 
- ,  

9 

12 

45 
d 

ment crops, they v i l l  have t o  compete wi th  the leading crsprr 01 Lhe @ r a t e ,  

whlch a r e  cot ton and cottonscsd,  hay, sorghum, and wheat (New Mexico 

Abstract ,  1979/1980). 

The ownership of land i n  Texas is c h i e f l y  p r iva te  ( f f gure 3-8). The 

f e d e r a l  government owns only 2 percent of the s t a t e  (Publ ic  Land YtaList ics,  

1979). Much of t h e  land i n  t h e  s t a t e  is already used f o r  farmland. Accord- 

i n g  t o  t h e  Texas Almanac (1980/1981), t h e  average farm i n  Texas i n  1978 was 

700 acres, and t h e r e  were about 200,000 farms ( these  f igures  probably include 

ranches, but  t h i s  is not s t a t e d ) ;  t h i s  represents  over 80 p.ercent of the  land 

i n  Texas (der ived from da ta  i n  Texas Almanac, 1980/1981). 
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Figure 3-8. Ownership of Land in Texas 



The chief  crops i n  Texas are cot ton ( 3 7  percent of t o t a l  crop r e c e i p t s )  

and grain sorghum ( 1 3  percent);  other important cash crops are corn, wheat, 

r i c e ,  co t  tonseed, peanuts, and soybeans (Texas Almanac, .1980/1981) . There- 

fore ,  hydrocarbon producing p lants ,  i f  grown a s  replacement crops, may 

compete with food crops. 



4.0 Endangered Spec ies  

The p r o t e c t i o n  of  c e r t a i n  p l an t  s p e c i e s  by both f e d e r a l - a n d  s t a t e  

governments c o u l d  be a s i g n i f i c a n t  b a r r i e r  t o  t h e  c u l t i v a t i o n  of l a r g e  a r e a s  

o f  l and  t h a t  p r e s e n t l y  a r e  n o t  being c u l t i v a t e d ;  however, t h i s  remains t o  be 

determined by th.e. c o u r t s .  

Under t he  Endangered Spec i e s  Act of 1973, a s  amended by t h e  Endangered 

Species  Act Amendments o f  1978 (16 U.S.C. 1536, 50 C.F.R. 402.01), f e d e r a l  

a g e ~ ~ c i e s  are  r equ i r ed  t o :  

1) Carry o u t  conse rva t ion  programs f o r  endangered and th rea t ened  

s p e c i e s ,  

2 )  Ensure t h a t  agency a c t i v i t i e s  o r  programs do n o t  j eopard ize  t h e  

cont inued  e x i s t e n c e  of endangered o r  threate'ned s p e c i e s ,  and 

3 )  Ensure t h a t  agency a c t i v i t i e s  o r  programs do not  d e s t r o y  o r  

adversely , a f f e c t  a c r i t i c a l  h a b i t a t  ( a  c r i t i c a l  h a b i t a t  i s  one t h a t  

i s  e s s e n t i a l  f o r  t h e  s u r v i v a l  of an endangered o r  t h r ea t ened  

s p e c i e s ) .  

Therefore ,  t h e  c u l t i v a t i o n -  of p r e s e n t l y  uncu l t i va t ed  land  i n  t h e  south-  

w e s t ,  p a r t i c u l a r l y  by ' the  f e d e r a l  government, would have t o  cons ider  t h e  

e f f e c t  on any c r i t i c a l  h a b i t a t s  of endangered o r  t h r ea t ened  s p ~ c i - e s .  We have 

only  i n v e s t i g a t e d  p l a n t  s p e c i e s ,  however, endangered o r  t h r ea t ened  animal 

s p e c i e s  and t h e i r  c r i t i c a l  h a b i t a t s  would a l s o  have t o  be i n v e s t i g a t e d  be fo re  

any l a rge - sca l e  c u l t i v a t i o n  hy a f e d e r a l  agency could occur .  

The names of p l a n t  s p e c i e s  t h a t  a r e  endangered o r  th rea tened  were 

publ i shed  i n  t h e  Fede ra l  R e g i s t e r  (45 Fed. Reg. 33,780-33,781). These 

s p e c i e s  a r e  g iven  i n  appendices  B ,  D ,  G ,  and I, and t h e i r  c r i t i c a l  h a b i t a t s  

a r e  shown on f i g u r e s  4-1, 4-2, and 4-3. Many of t h e s e  p l a n t s  would probably 
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b.  I 

Legend 
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6. Lotus scoparius ' 
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i 

Figure 4-2. California: Critical Habitats of Endangered Species 



Figure 4-3. Texas: Critical Habitats of Endangered Species 
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not  p re sen t  a  b a r r i e r  t o . t h e  c u l t i v a t i o n  of d e s e r t  l ands  because many of them 

a r e  no t  found i n  a r e a s  t h a t  could be c u l t i v a t e d  f o r  p l a n t s  such a s  guayule 

and jo joba .  For example, some of t h e s e  p l a n t s  grow i n  yellow pine f o r e s t s ,  

r e d  f i r  f o r e s t s ,  c o a s t a l  s a l t  marshes, on rocky canyon w a l l s ,  o r  a t  h igh  

e l e v a t i o n s .  However, t h e  c r i t i c a l  h a b i t a t s  of some of t he se  spec i e s ,  p a r t i c -  

u l a r l y  t h o s e  i n  t h e  Cactaceae family,  would undoubted ly 'over lap  with some 

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

There a r e  a l s o  s e v e r a l  s t a t e  laws t h a t  proeect  c e r t a i n  p l a n t  spec,f e e .  

The p r o t e c t e d  p l a n t s  of  Arizona, C a l i f o r n i a ,  and New Mexico a r e  l i s t e d  i n  

appendices  C ,  E ,  F ,  and H. The s t a t e  laws do not  appear t o  be a s  p r o h i b i t i v e  

a s  t h e  f e d e r a l  law. Arizona s t a t e  s t a t u t e s  (Ar iz .  Rev. S t a t .  3-901 t o  3-910) 

p r u h i b i ~  rlie co.l . lection of c e r t a i n  p l a n t s  (about  ,221 s p e c i e s )  without  a  per- 

m i t  from t h e  commission of a g r i c u l t u r e  and h o r t i c u l t u r e .  The c o l l e c t i o n  must . . 

be Tor s c l e n r i f i c  o r  e d u c a t i o n a l  purposes  o r  "where t h e  p ro t ec t ed  n a t i v e  
. . 

p l a n t ' s  e x i s t e n c e  is th rea t ened  by i t s  l o c a t i o n  o r  a  change i n  land  usage." 

Th i s  would not  appear  t o  prevent  t h e  c u l t i v a t i o n  of . land i n  which t h e  pro- 

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

ano the r  s i t e .  New Mexico s t a t e  s t a t u t e s  (N.M. S ta t . .  k n ,  76-8-1 tn 76-8-4)  

a l s o  r e q u i r e  a  permi t  be fo re  p ro t ec t ed  s p e c i e s  (appendix H) can be des t royed  

o r  m u t i l a t e d .  About 60 s p e c i e s a r e  protert~rl: Tha C a l i f o r n i a  law (1979 CaP. 

S t a t s .  Div. 23) appears  t o  be the l e a s t  p r o h i b i t i v e  of t h e  t h r e e  s t a t e s  

i n v e s t i g a t e d  ( p r o t e c t e d  s p e c i e s  l i s t e d  i n  appendix F ) .  I t  provides  t h a t  "No 

p rov i s ion  of t h i s  d i v i s i o n  s h a l 1 , p r e v e n t :  ( a )  The c l e a r i n g  of l and  f o r  

a g r i c u l t u r a l  purposes .  . . " 



5.0 Noxious Weeds 

Some o f  the  p l a n t s  t h a t  have been suggested a s  sou rces  of hydrocarbon 

and/or  rubber  a r e  cons idered  noxious weeds i n  some s t a t e s .  Others  may n o t  be 

noxious weeds under law, but would probably meet s t rong  oppos i t i on  from 

farmers  i f  c u l t i v a t e d  on a  l a r g e  s c a l e .  I n  most of t h e  s t a t e  s t a t u t e s  t h a t  

we examined, s p e c i f i c , p l a n t s  o r  s p e c i e s  were no t  l i s t e d .  In s t ead ,  a  s t a t e  

o f f i c i a l ,  f r e q u e n t l y  t h e  d i r e c t o r  o r  commissioner of a g r i c u l t u r e ,  i s  given 

t h e  a u t h o r i t y  t o  pub l i sh  r e g u l a t i o n s  t h a t  p r o h i b i t  c e r t a i n  s p e c i e s  of p l a n t s .  

I n  most s t a t e s ,  i t  i s  i l i e g a l  , t o  p l a n t  o r  t r ans ,p l an t  seeds  of p roh ib i t ed  

p l an t s .  Fu r the r ,  landowners a r e  u s u a l l y  r equ i r ed  t o  e r a d i c a t e  any of t h e s e  

p l a n t s  found growing on t h e i r  p roper ty  be fo re  t he  p l a n t s  reach  ma tu r i t y .  

The .uni ted S t a t e s  Department of Agr i cu l tu re ,  A g r i c u l t u r a l  Marketing 

Se rv i ce ,  pub l i shes  a  l i s t  of a l l  s p e c i e s  t h a t  a r e  cons idered  noxious weeds 

under s t a t e  s t a t u t e s  and/or  r e g u l a t i o n s .  This  l i s t  i s  updated annual ly .  

The only p l a n t s  t h a t  we have assessed  t h a t  a r e  cons idered  noxious weeds 

a r e  t h e  milkweeds (Asc lep ias  s s p . ) .  This  genus i s  only  p roh ib i t ed  i n  Hawaii; 

however, i t s  c u l t i v a t i o n  on a  l a r g e  s c a l e  may meet w i th  s t r o n g  oppos i t i on  

from farmers .  According t o  J e f f r e y  and' Robinson ' (1971) ,  - A. s y r f a c a  i s  

r e s i s t a n t  t o  commonly used he rb i c ides .  F u r t h e r , : E v e t t s  and Burnside (1972 

and 1 9 7 3 ~ )  found t h a t  common milkweed reduced y i e l d s  of sorghum by 720 kg/ha 
. , 

(640 1 bs/acre)  . 

The fo l lowing  two p l a n t s  t h a t  a r e  noxious weeds have been suggested by 

Ruchanan and Otey (1979) a s  p o t e n t i a l  sources  of rubber:  -- Sonchus a r v e n s i s  

(sow t h i s t l e )  i s  p roh ib i t ed  i n  Alaska, Arizona, C a l i f o r n i a ,  Colorado, Con- 

n e c t i c u t ,  Hawaii, Idaho, I l l i n o i s ,  Ind iana ,  .Iowa, Kansas, Maine, Massachu- 

s e t t s ,  Michigan, Mlaassata, Montana, Nevada, North Dakota, Ohio, Oregon, 

Pennsylvania,  Rhode I s l a n d ,  South Dakota, Vermont, ~ a ' s h i n g t o n ,  Wisconsin,  

Wyoming, West V i rg in i a .  Ambrosia t r i f i d a  i s  cons idered  noxious i n  C a l i f o r n i a  

(B-rat ing,  t h a t  i s ,  e r a d i c a t i o n  i s  a t  t h e  d i s c r e t i o n  of t h e  commissioner).  



Appendix A 

Water Rights  i n  t h e  Southwest 

A g r i c u l t u r e  i n  t h e  southwest i s  undoubtedly more dependent on the  supply 

of water  t han  on any o t h e r  s i n g l e  f a c t o r .  Therefore ,  t h e  a l l o c a t i o n  of water 

s u p p l i e s  i s  extremely impor tan t  t o  t h e  success  of any a g r i c u l t u r a l  p r o j e c t s .  

S ince  water  a v a i l a b i l i t y  i s  complicated by t h e  r e g u l a t o r y  system govern- 

l u g  irs use ,  t h i s  s e c t i o n  b r i e f l y  reviews how water r i g h t s  a r e  a l l o c a t e d  i n  

t h e  southwest .  

A . l  Su r f ace  Water Laws 

Water r i g h t s  t h e  United S t a t e s  a r e  based a n  r r p a r i a n  r i g h t o ,  appro- 

p r i a t i o n  r i g h t s ,  o r  a combinat ion of t h e  two. The Common . l a w  based on t h e  . 

r i p a r i a n  d o c t r i n e  ( r i g h t s  i n c i d e n t  t o  arid a r i s i n g  from t h e  ownership of land 

a d j o i n i n g  a stre'am o r  watercourse)  ha s  g e n e r a l l y  proven t o  be inadequate  i n  

che western  United S t a t e s ;  g iven  t h e  h igh  demand and sca rce  supply of water .  

Therefore ,  rhp  r loctr ino of prier apyrupr:I.arion, a iso ,know a s  "first-in- 

t i m e ,  I l r s t - i n - r i g h t "  system, evolved. B a s i c a l l y ,  t h i s  system secured the  

r i g h t s  of t h e  e a r l i e s t  u s e r  of t h e  water t o  use t he  water r e g a r d l e s s  of t h e  

demands of r i p a r i a n  owners. There a r e  two v e r s i o n  of t h i s  appropri .a t ion 

d o c t r i n e  t h a t  a r e  p e r t i n e n t  t o  t h e   state^ of t h c  ~ 0 u t l i ~ e s L .  

The f i r s t  v e r s i o n  i s  t h e  Colorado Doct r ine ,  which stems from Lhe dec i -  

s i o n  i n  t h e  ca se  of C 0 f f i n . v .  L e f t  Hand-Ditch Co. ( 6  Cola; 4 / 1 3 ,  1887.)- Tlris  

Colorado c a s e ,  decided i n  1882, e l imina ted  t h e  r i p a r i a n  r i g h t s  d o c t r i n e  and 

e s t a b l i s h e d  t h e  p r i o r  a p p r o p r i a t i o n  d o c t r i n e  a s  t h e  s o l e  means of determining 

water  r i g h t s .  Nine western s t a t e s  have adopted t h e  Colorado Doct r ine ,  

i n c l u d i n g  New Mexico and Arizona ( f i g u r e  A-1, p l u s  Alaska).  



Surface-Water Laws 

(from Geraghty et al., 1973) 
. ' 

Figure A-1. Surface Water Laws 



The second v e r s i o n  of  t h e  d o c t r i n e  i s  c a l l e d  the  C a l i f o r n i a  Doct r ine .  

It i s  based on r i p a r i a n  r i g h t s ,  however, t h e  law of p r i o r  appropr ia t ' ion  i s  

recognized .  The C a l i f o r n i a  Doct r ine  i s  recognized i n  C a l i f o r n i a ,  Texas, and 

o t h e r  s t a t e s ,  a s  shown i n  f i g u r e  A-1. 

A.2 Groundwater Laws 

The groundwater law of  t h e  'west i s  def ined  wi th in  four  s e p a r a t e  doc- 

t r i n e s  ( f i g u r e  A-2 shows which of t h e s e  d o c t r i n e s ' a p p l y  t o  t h e  v a r i o u s  

s t a t e s ) .  The f i r s t  i s  t h e  common law, o r  r i p a r i a n  t i g h t s  d o c t r i n e .  Under 

t h i s  d o c t r i n e ,  t h e  owner of  t h e  s o i l  may use t h e . p e r c o l a t i n g  waters  a s  he l she  

sees f i t .  This  i o  a* a b s p l u t e  r i g h t  and may be exe rc i s ed  without  regard  t o  

t h e  e f f e c t  on ne ighbor ing  subsu r f ace  water s u p p l i e s  [Huber v. Merkel, 117 

W 1 . s .  355, 94 N.W. 354 (1903)l .  

I n  Texas,  where t he  common law r u l e  p r e v a i l s ,  t h e r e  i s  a  l i m i t a t i o n  t h a t  

" the  owner may n o t  m a l i c i o u s l y  take water f o r  t h e  s o l e  purpose of i n j u r i n g  

h i s  neighbor ."  I n  f a c t ,  owners of l and  t h a t  has  subsided because of such 

wi thdrawals  may have l e g a l  grounds f o r  charging a p p r o p r i a t o r s  wi th  negl igence  

[ F r  iendswood Dev. Co . v .  Smi th-Southwest Indus . Inc  . , . 576 S  .W .2d. 21, Tex. 

(1978)] 3 

The second a n d , t h i r d  d o c t r i n e s  a r e  mod i f i ca t i ons  of t h i s  common law r u l e  

and a r e  c a l l e d  t h e  r e a s o n a b l e , u s e  d o c t r i n e  and the  c o r r e l a t i v e  r i g h t s  doc- 

t r  hie. 

The reasonable  use  d o c t r i n e  r e q u i r e s  t h a t  groundwater be used i n  a 

b e n e f i c i a l  way on t h e  land  from which i t  was taken. I n  1953, i n  t he  ca se  n f  

B r i s t o r  v. Cheatham, Arizona adopted t h i s  reasonable  use d o c t r i n e  [ B r i s t o r  v.  

Cheatham, 75 Ar i z .  227, 225 P.2d. 173, 180 (1953) l .  

The c o r r e l a t i v e  r i g h t s  d o c t r i n e  i s  s i m i l a r  t o  t he  r ea sonab le  use doc- 

t r i n e ,  except  t h a t  i t  r e q u i r e s  t h a t  a  u s e r  of  groundwater be l i m i t e d  t o  a  

p r o p o r t i o n a t e  sha re ,  based upon previous u se ,  du r ing  t imes of s c a r c i t y .  



Ground-Water Laws 

Figure A-2. Ground Water Laws 



Genera l ly ,  t h e  u se r  must a l s o  cons ide r  t h e  e f f e c t  of  groundwater withdrawals  

on l a n d s  a d j o i n i n g  o r  a f f e c t e d  by t h e  withdrawal.  

The f o u r t h  d o c t r i n e  a p p l i e d  t o  groundwater use i s  the  p r i o r  appropr ia -  

t i o n  d o c t r i n e  ( t h i s  d o c t r i n e  i s  analagous t o  t he  Colorado Doct r ine  v e r s i o n  of  

t h e  a p p r o p r i a t i o n  d o c t r i n e  d i s cus sed  under s u r f a c e  water ) .  This  d o c t r i n e  has 

been adopted by New Mexico, a s  w e l l  a s  t h i r t e e n  o t h e r  s t a t e s .  

A.3 I ~ ~ d l a n  Reserved Rights* 

I n  a d d i t i o n  t o  t h e  r i g h t s  g r an t ed  by t h e  v a r i o u s  d o c t r i n e s ,  t h e r e  i s  

arlother s i g n i f i c a n t  s e t  of  r i g h t s  t h a t  must be"considered.  These a r e  t h e  

r e se rved  water  r i g h t s  of I n d i a n s  on r e s e r v a t i o n  land .  Reserved r i g h t s  

r e q u i r e  t h a t  a  s u f f i c i e n t  q u a n t i t y  of  water be r e se rved  t o  accomplish t h e  

purposes  of  reserved  l a n d s ,  which i n c l u d e s  both f e d e r a l  l a n d s  and Ind i an  

r e s e r v a t i o n s . ( D e v i n e  e t  a l . ,  1980).  These r i g h t s  a r e  preemptive,  however, 

t hey  remain t o  be q u a n t i f i e d  i n  most c a s e s .  They e x i s t  by t r e a t y  and a r e  

"pr ior- in- t ime" t o  a l l  e x i s t i n g  a p p r o p r i a t i v e  u s e r ' s  r i g h t s .  Moreover, t he se  

n ' l g l l ~ s  do not need t o  be exe rc i s ed  t o  be maintained (Du Mars and Ingram, 

1980) .' How much water  i s  needed ( o r  w i l l  be a v a i l a b l e )  t n  s a t i s f y  theoc 

r i g h t s  i s  s p e c d a t i v e  and f c a major area of p u ~ r l l c i a l  cont roversy .  I n  

Artzona, where 29 p e r c e n t  o f  a l l  land i s  i n  Ind i an  r e s e r v a t i o n s ,  t h e  quant i -  

f i c a t i o n  o f  r e se rved  Ind i an  r i g h t s  may c o n f l i c t  w i th  e x i s t i n g  commitments of 

water  (U.S. Department o f  I n t e r i o r  Bureau o f  Land Management, Public. Land 

S t a t i s t i c s  1976, U.S. Government P r i n t i n g  Of f i ce ,  Washington, D.C., 1977;  

U.S. Department of  Commerce, Federa l  and S t a t e  Ind i an  Reserva t fons  and Ind ian  

Trus t  Areas,  U. S. Government P r i n t i n g  Of f i ce ,  Washington, D.C.,  1974). F n r  

example, t h e  Colorado River  has  becn t o t a l l y  app rop r i a t ed  by t h c  Colorado 

River Compact agreement,  bu t  Ind i an  r e se rved  r i g h t s  p r eda t ing  t h e  compact, i f  

e x e r c i s e d ,  would preempt t h e  e x i s t i n g  u s e r s .  

*For a  more d e t a i l e d  d i s cuoe ion  of Irldian reserved  r i gh t s . ,  s e e  Du Mars and 
Ingram, 1980; Back and Taylor ,  1980; and Devine, Ba l l a rd ,  and White, 1980. 



A . 4  S t a t e  Water Use Laws and Regula t ions  

Each western s t a t e  has  e s t a b l i s h e d  a  permit system, which i s  r equ i r ed  

under an a p p r o p r i a t i v e  use a l l o c a t i o n  d o c t r i n e .  It has been the  p o s i t i o n  of  

t h e  western s t a t e s  t h a t ,  except f o r  t he  p r i o r  reserved  r i g h t s  of I n d i a n s ,  a l l  

t a k e r s  of water ( f e d e r a l ,  s t a t e ,  and l o c a l  governmental o r  p r i v a t e )  must 

comply 'with t h e  p e r t i n e n t  s t a t e  laws and r e g u l a t i o n s .  This  i s s u e  has been 

l i t i g a t e d  by t h e  s t a t e s  through t h e  f e d e r a l  c o u r t s  and t h e  U.S. Supreme Court 

[United S t a t e s  v.  New Mexico, 438 U.S. 696' (1978)l .  



Appendix B 
Arizona P l a n t s  P ro t ec t ed  Under t h e  Endangered Species  Act 

Cactaceae - Cactus Family 

1 )  Echinocactus  ho r i zon tha lon ius  va r  . n i c h o l i i  - Nichol '  s Turk ' s  head 
c a c t u s  

S i l v e r  B e l l ,  Pima County, 2,500 f e e t ;  western Texas, sou thern  New 
Mexico, Arizona and Mexico (Kearney and Peebles ,  1951 ) . 

.2)  Echinocereus t r i g i o c h i d i a t u s  v a r .  - -  a r i z o n i c u s  (E. b r i z o n i c u s )  - 
A r i  eona hedgehog c a c t u s  

Found i n  Graham, P i n a l ,  Cochise,  and Pima coun t i e s ;  mountains 3,000 
t o  6;000 f e e t ;  a l s o  i n  New Mexico and Mexico (Kearney and Peeb le s ,  
1951).  

. I  

3 )  Pediocac tus  b rady i  (Toumeya b rady i )  - Brady pincushion c a c t u s  

The exact l o c a t i o n  of t h i s  p l a n t  i s  unce r t a in .  It can be seen on ly  
du r ing  t h e  two o r  t h r e e  days of t h e  year when i t  f lowers .  For a  
s h o r t  t ime be fo re  and a f t e r  f lower ing ,  i t  can be l oca t ed  by pro- 
longed sea rch ing  of  t he  rocky d e s e r t  f l o o r  on hands and knees o r  
s tooping .  During t h e  r e s t  of  t h e  year t h e  stem, which i s  about 
two-thirds  underground, s h r i v e l s ,  and the  p l a n t  body r e t r a c t s  t o  
ground l e v e l  o r  below and t h e  wind covers  it wi th  d u s t  (Kearney and 
Peeb le s ,  1951 ) . 

4 )  Pediocac tus  peeb le s i anus  v a r  . pgebleesi anrrs - P ~ e b l s o  Elava js ,cactus 
-. -.. . . ,. . . , . . , . . . . - 

Known range  - 5 t o  7 miles i n  g r a v e l l y  h i l l s  n o r t h  .and northwest 
(Navajo .county)  of Holbrook, Arizona. The , s p e c i a l  a d a p t a t i o n s  
i n c l u d e  going underground and a d a p t a t i o n  t o  s p e c i a l i z e d  s o i l s  
r e q u i r i n g  d r a s t i c  phys io log i ca l  a d a p t a t i o n  not  pos s ib l e  f o r  com- 
p e t i t o r s  (Prance ,  1976).  Other names inc lude :  Echinocactus  
peeblesi,ana, &va joa peebl.c?si anus,  Toumeyo peebles lauus ,  Utah ia  
~ e e b l e s i a n u s .  

5)  Pediocac tus  s i l e r i  (Echinocactus  s i l e r i ,  Utah ia  . s i l e r i )  - S i l v e r  
pincushfon c a c t u s  

Knom w i t h  c e r t a i n t y  on ly  from northwestern Arizona (Kearney and 
Peeb le s ,  1951) .  



Appendix C 
Arizona P l a n t s  P ro t ec t ed  Under S t a t e  Law 

a )  Washintonia f i l l i f e r a  - Fan palm 

The approximately 65 i n d i v i d u a l s  growing i n  small  l a t e r a l  canyons o r  pockets  
i n  t h e  w a l l s  of a l a r g e r  canyon i n  t h e  Kofa Mountains a r e  t h e  on ly  p l a n t s  of 
t h i s  s p e c i e s  lcnown i n  the  w i l d  i n  Arizona (Kearney and Peebles ,  1951).  

b) Lysiloma tho rnbe r i  - Ornamental t r e e  

Found i n  Pima County on rock l edges  along Chimecia Creek i n  t he  f o o t h i l l s  of 
t h e  Ricon Mountains a t  about  3,500 f e e t  (Kearney and Peebles ,  1951).  

c )  Bursera  f aga ro ides  - Elephant t r e e  

Known i n  Arizona only  on d r y  l imes tone  c l i f f s  near  F re sna l ,  western f o o t h i l l s  
o f  t h e  Baboquivari  Mountains, Pima County, a t  about  4,000 f e e t  (Kearney and 
Peebles  , 1951).  

d) Cereus s c h o t t i i  - S e n i t a  o r  Old One 

Found i n  western Pima County a t  about 1 ,000 t o  2,000 f e e t  (Kearney and 
Peebles  , 1951. 

e )  Cereus t h u r b e r i  - Organ pipe c a c t u s  

Southern P i n a l ,  sou the rn  Maricopa, and wes te rn  Pima c o u n t i e s ,  u p . t o  about 
3,000 feet: A l a r g e  a r e a  i n  t h e  d e s e r t  sou th  of Ajo, Pima county,  has  been 
. s e t  a s i d e  a s  a n a t i o n a l  monument f o r  t h e ' p r e s e r v a t i o n  of t h e  organpipe c a c t u s  
and t h e  s i n i t a  (Kearney and Peebles ,  1951). 

f )  Toumeya papyracantha - 

Near Showlow, Navajoe County, 6,500 f t  . (Kearney and Peebles ,  1951) .  

g) Toumeya peebles iana  - 
See Pedicac tus  peebles ianus  v a r .  peeblees ianus  t a b l e  3-1. 

h) Neoevansia d i q u e t i i  - Dahlia  c a c t u s  

Near t h e  Sonora boundary i n  sou the rn  Pima County (Kearney and Peeb le s ,  
1951). 



A l l  S c l e r o c a c t u s  s p e c i e s :  

I) Sc le rocac  tus .  p a r v i f l o r u s  - 

Nava j'o and Coconino c o u n t i e s ,  n o t  uncommon, type  from "Forbidding Canyon," 
Coconino County (Kearney and Peebles ,  1951). 

j) S c l e r o c a c t u s  whipple i  - 

Apache county ,  Ganado t o  Ch in l e ,  and Lithodendron Creek (Kearney and Peebles ,  
1951) .  

I 

k )  Sc l e rocac tus  p o l y a n c i s t r u s  - 

Not , d e f i n i t e l y  known t o  occur  i n  Arizona (Kearney and Peebles ,  1951).  

1) S c l e r o c a c t u s  i n t e rmed ius  - 
SweeLwaLer, Apache couaey, and 9 miles southwest of Pipe Springs,  Mohave 
County (Kearney and Peeb le s ,  1951).  

I n  a d d i t i o n ,  a l l  Pediocarpus  s p e c i e s  a r e  p r o t e c t e d ,  and Agave a r i z o n i c a  
i s  p ro t ec t ed .  



The fol lowing c a t e g o r i e s  of  p l a n t s  a r e  a l s o  p ro t ec t ed  under t h e  s t a t e  
law. The number of s p e c i e s  f o r  each group was obtained from Kearney and 
Peebles  (1  951 ) . 
I. A l l  s p e c i e s  of t h e  fo l lowing  f ami l e s  a r e  p ro t ec t ed :  

L i l i a c e a e  . ( l ' i l y  fami ly)  - 59 s p e c i e s  

Amaryl.lidaceae ' (Amaryl l is  f aml .1~ )  - 12 s p e c i e s  

Orchidaceae (Orchid fami ly)  - 22 s p e c i e s  

Crassu laceae  (Orpine fami ly)  - 1 0  s p e c i e s  

Cactaceae (Cactus  family)  - 72. s p e c i e s  

11. All  s p e c i e s  of t h e  fo l lowing  genera a r e  p ro t ec t ed :  

Aqui leg ia  (Columbine) - 7 s p e c i e s  

Lobe l i a  - 4 s p e c i e s ;  a l l  s p e c i e s  grow on moist  s o i l .  

Dodecatheon (Shooting s t a r )  3 s p e c i e s ;  A l l  s p e c i e s  grow i n  t h e  t h e  
mountains . 
Primula (Primrose)  - 4 s p e c i e s ;  A l l  s p e c i e s  found on mountains o r  
canyon r i m s .  

Fouquier ia  ( O c o t i l l o )  

111. A l l  of t h e  fo l lowing  s p e c i e s  a r e  pro tec ted  

A t r i p l e x  hymenelytra (Deser t  h o l l y ) ;  Western Maricopa, Mohave and 
Yuma c o u n t i e s ,  below.1000 f e e t  in. d ry ,  sandy o r  s tony  s o i l .  

C e r c i s  o c c i d e n t a l i s  (Redbud); Near Kayenta (Navajo county) ,  Grand 
Canyon and Havasu Canyon (Coconino County), Pagumpa Spr ings  (Mohave 
county) ,  S u p e r s t i t i o n  Mountains ( P i n a l  County); 4,000 t o  4,500 
feet . 
Pinus  a r i s t a t a  ' ( ~ r i s t l e - c o n e  pine).. '  an Franc isco  Peaks; 9,500 t o  
12 ,00  f e e t .  

Rhus kearneyi  (Kearney sumac). Southern Yuma county; L,OUU t o  
15,000 f e e t ;  d ry  c l i f f s .  

Sap ium.b i locu la r e  (Mexican jumping bean) .  Near G i l a  Bend and from 
western Pima county t o  t h e  T ina j a s  At las  Mountains; 1 ,000 t o  2,000 
f e e t ,  l o c a l l y  abundant a long sandy washes and on rocky s l o p e s .  

Sebas t i ana  pavoniana (Mexican jumping bean). 



I V .  The fo l lowing  s p e c i e s  of l i v e  o r  dead p l a n t s  o r  p a r t s  a r e  a l s o  
p r o t e c t e d .  

P rosop i s  j u l i f l o r a  - Common o r  honey mesqui te  

Very common c h i e f l y  a long s t reams and where water t a b l e  i s  high. 

P rosop i s  pubescens - Screwbean mesquite 

400 f e e t  o r  lower,  f lood  p l a i n s ,  o f t e n  i n  s a l i n e  s o i l  . . 

Cercidium microphyllum - L i t t l e  l e a f  pa lo  verde  

Northern Mohave County t o  Cochise,  Pima, and Yuma c o u n t i e s ,  4,000 
f e e t  o r  lower,, 'dry roclcy h i l l s i d e s  and mesas. 

Cercidium f lo r idum - Blue pa lo  verde  

G r e e n l e i ,  G i l a ,  P i n a l ,  and Pima c o u n t i e s  t o  Mohave and Yuma 
c o u n t i e s ,  3,500 f e e t  o r  lower,  common along washes and on f lood 
p l a i n s ,  l e s s  f r e q u e n t l y  on d r y  lower s lopes .  

Pa rk inson ia  a c u l e a t a l  - Jerusalem tho rn  

C a s t l e  Dome Mountains,  f o o t h i l l s  of t h e  Coyote and Baboquevari 
Mountains, Pima County, occas iona l  i n  sandy s o i l  a long washes, a l s o  
south  of  Tucson. 

Olneya t e s o t a  - Ironwood tree 

Maricopa, P i n a l ,  and Yumj. c o u n t i e s ,  2,500 f e e t  o r  lower,  common 
along waohco i n  t h c  f o o t h i l l 0  . 



Appendix D 
C a l i f o r n i a  P l a n t s  P ro t ec t ed  Under t h e  Endangered Species  Act 

Berberidaceae - Barberry fami ly  

1 )  Be rbe r i s  sbnne i  - Truckee ba rbe r ry  

Rocky banks, 7 ,00 f e e t ;  Montane Coniferous F o r e s t ;  c e n t r a l  S i e r r a  
Nevada. [Yellow Pine Fo re s t ,  Red F i r  Fo re s t ]*  (Munz; 1959).  

Brass icaceae  - Mustard family 

2 )  Arabis  mcdonaldiana - McDonald's rock-cress  

Serpent ine  s o i l ,  a t  4,000 f e e t .  Red Mountain near  B e l l  Spring,  
Mendocina County. [Yellow Pine F o r e s t ]  (Munz, 1959) .  

3 )  Erysimum capi ta tum var .  angustatum - Contra  Costa wal.lflower 

Sand dunes a long  San Joaquin River ,  j u s t  e a s t  of Antioch; Contra 
Costa. County. For p r e c i s e  l o c a t i o n ,  s e e  50 CFR 17.96. , [Coas ta l  
S t rand]  (Munz, 1959). 

Crassulaceae - Stonecrop fami ly  

4 )  Dudley t r a s k a e  - Santa  Barbara I s l a n d  l ive- forever  

Santa  Barbara I s l a n d ,  (Munz, 1959).  

Er icaceae  - Heath family 

5 )  Arc tos taphylos  hooker i  s sp .  r a v e n i i  - Raven's manzanita , 

sand dunes and woods near  the  c o a s t ,  Monterey County. [Closed-cone 
Pine Fo re s t ]  (Munz, 1959).  

Fabaceae - Pea family 

6 )  Lotus  s copa r iu s  s sp .  t r i s k i a e  ,- San ' ~ l e m e n t e  broom 

Chaparral ;  Santa Rosa, Santa Cruz, Santa C a t a l i n a ,  and San Clemente 
I s l a n d s .  [Coas t a l  Sage Scrub] (Munz, 195 9 ) .  

*Brackets 1ndi.cate the  name of t h e  p l a n t  community i n  which s p e c i e s  i s  found. 
See d e s c r i p t i o n  i n  fol lowing key. 



Laminaceae ( p r e s e n t l y  c a l l e d  t he  Lab ia t ae )  fami ly  

7 )  Pogogyne ab rams i i  - San Diego mesa mint 

Beds o f  d r i e d  pools ;  Chapar ra l ,  mesas from San Diego t o  Miramer. 
[Coas t a l  Sage Scrub] (Munz, 1959).  

8) Malacothamnus clementinus - San Clemente i s l a n d  bush-mallow 

Rocky, canyon-walls ; Lemon Tank, San Clemente I s l a n d .  [Coas t a l  Sage 
Scrub] (Munz, 1959).  

Onagraceae - Evening-primrose family 

9 )  Oneothera a v i t a  s s p .  eurekensi~ - Euraka cvcning, p r l u ~ u s e  - - 
Sand dunes ,  s o u t h  end of '  Eureka Val ley ,  Inyo County. [**Crensote 
Bush Scrub] (Munz, 1959).  

1 0 )  Oenothera d e l t o i d e s  ssp .  h o w e l l i i  - Antioch Dunes evening-primrose 

Sand dunes near  Antioch, Contra Costa County. For p r e c i s e  
l o c a t i o n ,  s e e  50 CFR 17.96. (Munz, 1959).  ! 

Poaceae - Grass fami ly  

11 )  O r c u t t i a  mucronata - S o l a n d . g r a s s  o r  Crampton's Orcut t  

Loca t ion  u n c e r t a i n .  

12) 5-wallenla al.exandrno - Eureka Duue grass 

South end of Eureka Valley a ~ l d  mouth of Marble Canyon, e a s t  s i d e  of 
Inyo Mountains, Inyo County. [**Creosote Bush Scrub] (Munz, 1974. 

Ranunculaceae - But te rcup  fami ly  

13) nolphinium IcinkPense - San Clemente I s l and  Ind ian  pa in tb rush  

Grassy p l aces ,  San Clemente I s l a n d .  (Munz, 1974. 

Sc rophu la r i aceae  - Snapdragon family 

14 )  C a s t i l l e j a  g r i s e a  - SaA ' ~ l e m e n t e  I s l a n d  Ind ian  pa in tb rush  

B lu f f s ,  San ~ l e m e n t e  I s l and .  [**Coastal Sage Scrub] (Munz, 1974).  

15) Cnrdylanthuo maritiiiius s s p .  mari t imus - S a l t  marsh b i r d ' s  beak 

Southern Oregon t o  no r the rn  Lower C a l i f o r n i a .  [Coas ta l  S a l t  Marsh] 
(Munz, 1959) .  

I 



Appendix E 
C a l i f o r n i a  P lan t  Community - Key 

The fol lowing d e s c r i p t i o n s  of  p l a n t  communities were taken from Munz 
(1959) o r  Munz (1974). The l a t t e r  a r e  i nd i ca t ed  by **. 
Coas t a l  S t rand  

Artemisia  pycnocephala, F r a n s e r i a  Chamissonis, La thyrus  l i t t o r a l i s ,  
Lupinus a rboreus ,  L. Chamissonis,  Abronia mari t ima,  A.  umbel la ta ,  Oenothera 
c h e i r a n t h i f o l i a ,  ~ t r i ~ l e x  leucophyl la ,  F r a g a r i a  c h i l o e n s i s ,  - Poa Doug la s i i ,  
Haplopappus e r i c o i d e s ,  ~esembryanthemum nodif lorum, - M. c r y s t a l l i n u m ,  
Convolvulus So ldane l l a .  

Sandy beaches and dunes s c a t t e r e d  along t h e  e n t i r e  c o a s t .  
\ 

Annual r a i n f a l l  15 t o  70 inches ,  wi th  much fog and wind; growing season 
12 months, wi th  350 t o  365 f r o s t - f r e e  days;  sma l l  s ea sona l  and d i u r n a l  f luc-  
t u a t i o n s  i n  temperature;  mean summer maxima 61' t o  70°,  mean win t e r  minima 
3g0 t o  47O F. 

Vegetat ion low o r  p r o s t r a t e ,  o f t e n  succu len t ,  l a t e  f lower ing .  The con- 
s t i t u t i o n  of t h i s  community v a r i e s  cons ide rab ly  from n o r t h  t o  sou th ,  some 
s p e c i e s  reaching  t h e i r  sou the rn  l i m i t  a t  cape Mendocino, some a t  Monterey 
Peninsu la ,  and some a t  Poin t  Conception. A number of o t h e r s ,  however, 
exemplify t he  c o n t i n u i t y  o f  t h e  community by extending the  e n t i r e  l e n g t h  of 
t h e  s t a t e  and beyond. 

**Coastal  S t rand  

I Sandy beaches and ,dunes ,  wi th  many succulen t  pl .ants.  R a i n f a l l  running  
from 1 0  t o  25 inches ;  t empera ture  r a t h e r  even; l i t t l e  o r  no f r o s t .  
C h a r a c t e r i s t i c  gene ra : : hb ron ia ,  herbaceous s p e c i e s  of A t r i p l e x ,  Camissonia, 
Convolvulus. 

~ o a E t a 1  S a l t  Marsh 

S a l i c o r n i a  v i r g i n i c a ,  S.  s u b t e r m i n a l i s ,  Suaeda c a l i f o r n i c a  and v a r .  
pubescens,  D i s t i c h l i s  s p i c a t a ,  S p a r t i n a  l e i a n t h a ,  Limonium ca l i fo rn i cum,  
Frankenia  g r a n d i f o l i a ,  T r i g l o c h i n  mari t ima.  

S a l t  marshes along t h e  c o a s t ,  from sea  l e v e l  t o  1 0  f e e t .  

Average r a i n f a l l  1 5  t o  40 inches ;  growing season 12 months, w i t h  330 t o  
365 £ roo t - f r ee  days; small seasona l  and d i u r n a l  f l u c t u a t i o n s  i n  temperature;  
temperature  range about as  i n  Coas ta l  S t rand .  

Most ex t ens ive  on t i d e l a n d s .  



**Creosote Bush Scrub 

The g r e a t  mass of t h e  f l o o r  of t h e  d e s e r t s  and t h e i r  lower s l o p e s  a r e  
covered by a  s c r u b  v e g e t a t i o n  of Lar rea  o r  Creosote Bush. R a i n f a l l  2  t o  8  
i n c h e s ,  p a r t l y  i n  summer. Burr weed (Ambrosia dumosa), O c o t i l l o  
(Fouqu ie r i a ) ,  I nc i enso  ( E n c e l i a ) ,  e t c .  

C o a s t a l  Sage Scrub  

Ar temis ia  c a l i f o r n i c a ,  S a l v i a  ap iana ,  - S.  . m e l l i f e r a ,  S.  leuc 'ophyl la ,  
Eriogonum f  asc icu la tum,  Rhus i n t e g r i f o l i a ,  E n c e l i a  c a l i f o r n i c a ,  Horke l i a  
cunea t a ,  Haplopappus squa r rosus ,  - H .  venetus ,  Eriophyllum confe r t i f l o rum.  

Usua l ly  d r y  rocky o r  g r a v e l l y  s lopes ,  South Coast Ranges t o  Baja 
C a l i f o r n i a ,  mos t ly  below 3000 f e e t  and below t h e  Chaparral .  

Annual r a i n f a l l  1 0  t o  20 inches ;  growing season 8  t o  12 months, w i th  230 
t o  350 f r o s t - f r e e  days ;  mean summer maximum t e m p e r a t l ~ r ~ s  68' t o  9 0 ° ,  moan 
w i n t e r  minima 37' t o  48" F. 

P l a n t s  ha l f - shrubs ,  1 t o  5 f e e t  t a l l  o r  'somewhat wnnr l i~r  and l a r g e r  
forming a  more .open community than Chaparral .  

Closed-cone P ine  F o r e s t  

P inus  mur ica ta ,  P. c o n t o r t a ,  P.  r a d i a t a ,  - P. remorata,  Cupressus 
m a c r o ~ , ~ a e ~ ,  - -  5. ~ o v e n i a n a .  

l n t e r r u p t e d  f o r e s t  from Mendocino p l a i n s  southward near the  immediate 
c o a s t  t o  Santa Barbara County, from near  sea  l e v e l  t o  1200 f e e t .  Northward 
i t  i s  on t h e  seaward side of t h e  ~ P A W Q O ~ S  i n  barron 00113. 

Average r a i n f a l l  2 0  t o  60 inches ,  much fog; growing season 9  t o  1 2  
months,  w i th  270 t o  360 f r o s t - f r e e  days;  c l ima te  coo l  wi th  temperatures  
comparable wi th  t hose  i n  the  Redwood Fores t .  

, Trees  30 t o  n e a r l y  100 f e e t  t a l l . ,  i n  a relatl.ve1.y dense f o r e s t .  

Yellow p i n e  'Fores t  

P inus  ponderosa,  P. Lambert iana,  Libocedrus decu r r ens ,  Ables concolor ,  
Pseudotsuga ~ e n z i e s i i , ~ u e r c u s  K e l l o g g i i ,  Ribes  nevadense, - R. R o e z l i i ,  Rubus 
p a r v i f l o r u s ,  Chamaebatia f o l i o l o s a ,  Arc tns taphylos  p a t u l n ,  - A .  Mariposa, 
Ceanothus in teger r imus .  

North Coast ~ a n g e s ,  3000 t o  6000 f e e t ;  no r the rn  C a l i f o r n i a ,  1200 t o  5500 
f e e t ;  S i e r r a  Nevada, 2000 t o  6500 o r  7000 f e e t ;  sou the rn  C a l i f o r n i a ,  5000 t o  
8000 f e e t .  

Average p r e c i p i t a t i o n  25 t o  80 inches ,  p a r t l y  a s  snow; growing season  4 
t o  7  months, w i th  90 t o  210 f r o s t - f r e e  days ;  mean summer maximum temperatures  
80" t o  93", mean win t e r  minima 22" t o  34" F. 

Trees  75 t o  200 f e e t  t a l l ,  i n  ex t ens ive  cont inuous f o r e s t s .  



Red F i r  F o r e s t  

@ Abies magnif ica ,  P inus  Murrayana, P. mont ico la ,  P. J e f f r e y i ,  Cas tanops is  
sempervirens,  Ceanothus co rdu la tu s ,  ~ ~ o % o ~ s i s  aggrega ta ,  Populus t remuloides .  

Above 600 f e e t  i n  North Coast Ranges; no r the rn  ' C a l i f o r n i a ,  5500 t o  7500 
f e e t ;  S i e r r a  Nevada, 6000 t o  9000 f e e t ;  sout.hern C a l i f o r n i a ,  8000 t o  about 
9500 f e e t .  

Average p r e c i p i t a t i o n  35 t o  65 inches ,  w i th  heavy win te r  snow; growing 
season 3 t o  4.5 months, w i th  40 t o  70 f r o s t - f r e e  days;  mean summer maximum 
temperatures  73" t o  85" mean win t e r  minima 16" t o  26" F. 

Trees  t o  100 f e e t  t a l l  o r  more, i n  dense f o r e s t s .  



Appendix F 
C a l i f o r n i a  P l a n t s  P r o t e c t e d ,  Under S t a t e  Law* 

I. P l a n t s  t h a t  may n o t  be  ha rves t ed  except  f o r  s c i e n t i f i c  o r  educa t iona l  
purposes  under a permit by t h e  a g r i c u l t u r a l  commission. 

Burseraceae f ami ly  (e lephant  t r e e )  - a l l  s p e c i e s  

Carnegia  g i g a n t e a  ( sahuaro  c a c t u s )  

C a s t e l a  emoryi ( c r u c i f i x i o n  t h o r n )  

Dudleya saxosa  (Panamint dudleya)  

P inus  longacva ( b r i s t l c c o n c  p inc )  

Washingtonia f i l i f c r a  (fan palm) 

11. The fo l lowing  p l a n t s  may b e  harves ted  under a p e ' r m i t  i s sued  by t h e  
a g r i c u l t u r a l  commissioner o r  county s h e r i f f .  

Agavaceae f ami ly  ( cen tu ry  p l a n t s ,  n o l i n a s ,  yuccas) - a l l  s p e c i e s  

Cac t aceae  f ami ly  ( cac tus  fami ly)  - a l l  s p e c i e s  exept  Carnegiea 
g i g a n t e a  

Pouquier iaceae  fami ly  ( o c o t i l l o ,  candlewood) - a l l  s p e c i e s  

P r o s o p i s  genus (mesqui tes )  - a l l  s p e c i e s  

Cercirliiim gPnlls (pa l  ns v~rrles)  - a1 1  specie^ 

Acacia g r e g g i i  (ca tc law)  

A t r i p l e x  hymenelytra (d 'eser t  h o l l y )  

Dalea sp inosa  (smoke t r e e )  

Olneya t e s o t a  ( d e s e r t  ironwood) - i nc ludes  bo th  dead and l i v e  
p l a n t s  

*See Div i s ion  23 .  C a l i f o r n i a  Deser t  Nat iona l  P l a n t s  (1979 Cal .  S t a t s .  Div. 
2 3 ) .  

I 



Appendix G 
New Mexico P l a n t s  P ro t ec t ed  Under t h e  ~ n d a n ~ e r e d  Species  Act 

Cactaceae - Cactus family 

1 )  Coryphantha s n e e d i i  v a r .  l e e i  (Escobar ia  l e e i ,  Mammil1ari.a l e e i )  - 
Lee pincushion cac tus .  

A min ia tu re  s p e c i e s  t h a t  grows on l imes tone  rock l edges  i n  
Ra t t l e snake  Canyon ( I n n e s ,  1977). Locat ion of Rat t lesnake '  Canyon 
unknown. 

2 )  Coryphantha s n e e d i i  v a r .  s n e e d i i  (Escobaria  s n e e d i i ,  Mammillaria 
s n e e d i i )  - Sneed pincushion cac tus  . 
Locat ion unknown. 

3 )  Echinocereus engelmannii  v a r .  purpureus  - Purple-spined hedgehog 
c a c t u s  

Locat ion unknown. 

4 )  Pediocac tus  knowl toni i  - Knowlton c a c t u s  

Near t h e  ~ a n ' J u a n  Rivet  of nor thern  New Mexico. Most of i t s  range  
has  been f looded by t h e  San Juan Dam (Prance,  1976). 



Appendix H 
New Mexico P l a n t s  P ro t ec t ed  Under S t a t e  Law* 

Polypodiaceae - F e r n  fami ly  

Gymnopteris h i s p i d a  Gymnog raullne 

Adiantum c a p i l l u s - v e n e r i s  - Common maidenhair f e r n  

Woodwardia plummerae Chain f e r n  

Asplenium s e p t e n t r i o n a l i s  - Spleen wort 

.. Asplenium tr ichomanes '- Spleenwnrt 

L i l i a c e a e  - L i l y  fami ly  

F r i t i l l a r i a  a t ropu rpu rea  - Purplish-brown f r i t i l l a r y  

Uvu la r i a  a m p l e x i f o l i a  - Uvularia, ,  tw i s t ed  s t a l k  

Leucocrinum montanum - White mountain l i l y .  

L i l ium montanum - Wood l i l y  

Calochot tus  - a l l  s p e c i e s  - mariposs  l i l y  

Tr idaceae  - Ir is  fami ly  

O r e o l i r i o n  ar izonicum - Thi s  i s  no t  t h e  common b lue  i r is  of our  
mountains bu t  i s  yellow i n  c o l o r .  

~ r n a r y l l i d a c e a e  - Amaryl l is  fami ly  

Agave s c h o t t i i  - Century p l a n t  

Agave l e c h u & u i l l a  - Lechugui l la  -- 

Agave pa lmer i  - Century p l a n t  

Agave p a r r y i  - Century , p l an t  

Agave neomexicana - Century p l a n t  

Atamosco ' l o n g i f o l i a -  Atamosco l i l y  

* A r t i c l e  8. P r o t e c t i o n  of Nat ive New Mexico P l a n t s  (N.M. S t a t .  Ann. 76-1 t o  



Ranuncul'aceae - Crowfoot family 

Agui leg ia  - a l l  s p e c i e s  - r ed ,  yel low,  and blue columbine 

Aconitum - a l l  s p e c i e s  .- Monkshood 

P u l s a t i l l a  he r su t i s s ima  - Pasque flower 

Viorna - a l l  s p e c i e s  - Leather  flower 

Clematis  pseudoalpina - V i r g i n ' s  bower 

Lobel iaceae - Lobel ia  fami ly  

Lobel ia  splendens - Card ina l  f lower o red l o b e l i a  

Lobe l i a  gruina'  - Blue I.obelia 

P r  imulaceae - Primrose family 

.Dodecatheon - a l l  s p e c i e s  - Shooting s t a r  

Primula - a l l  s p e c i e s  - Primrose 

Er icaceae  - Heath family 

Ar tos taphylos  uva-urse - Bearber ry ,  k i n n i c k i n i c k  [ k i n n i k i n i c k ]  

Gentianaceae - Gentian fami ly  

Gent iana e l egans  - Fringed g e n t i a n  

Gentiana b a r b e l l a t a  - Fringed g e n t i a n  -.-- 

Gentian a f f i n i s  - c losed '  gen t i an  

Violaceae - V i o l e t  family 

. V i o l a  adunca - Blue v i o l e t  

V io l a  nephrophyl la  - Blue v i o l e t  

V io l a  p e d a t i f i d a  - Blue v i o l e t  

V io l a  pinetorum - Yellow v i o l e t  

Vio la  mi s sou r i ens i s  - Blue v i o l e t  

Prot  u laeaceae  - Purslane fami ly  

C lay ton ia  -- l a n c e o l a t a  -- -- - Spring beauty  

177 



Malaceae - Apple fami ly  

Sorbus s copu l ina  - Mountain ash 

Polemon3aceae - Phlox fami ly  

' G i l i a  agg rega t a  - J i l l y  f lower - --- 
Orchidaceae - orch id  fami ly  

o r c h i d s  - a l l  s p e c i e s  

Cras su l aceae  - Orpine fami ly  

sedum - a11 species (cu1ruuu~l1.y klicswn as s tonccrop)  

Sax i f r agaceae  - S a x i f r a g e  f ami ly  

a l l  s p e c i e s  

Ep i lob i aceae  - Evening pr imrose fami ly  

Chamaenerion angus t i fo l i um - Firewood 

Cornaceae - Dogwood fami ly  

Cornus i n s t o l o n e a  - Cornel 

Hederaceae - Ivy fami ly  

A r a l i a  b i c r e n a t a  - A r a l i a  

Asc l ep i a s  tuberosa  - B u t t e r f l y  weed 

Scrophular  i a ceae  - Figwor t  fami ly  

C a s t e l l e j i a  i n t e g r a  - Ind i an  pa in t  b rush ,  pa in t ed  cup 



Cactaceae .- Cactus family 

Peniocereus g r e g g i i  - Night blooming cereus  

Echinocereus - a l l  s p e c i e s  - Porcupine c a c t u s  

Ferocac tus  - a l l  s p e c i e s  - B a r r e l ,  b i snaga ,  o r  v i snage  c a c t u s  

Echinocactus  - all s p e c i e s  - Hedgehog cac tus  

Scherocactus  - a l l  s p e c i e s  - .Hedgehog cac tus  

Coryphantha o r  Mammillaria - a l l  s p e c i e s  - Pincushion c a c t u s  

Phellosperma d r  Mammillaria - a l l  s p e c i e s  - Fishook c a c t u s  

Neomammillaria o r  Mammillaria - a l l  s p e c i e s  - Fishhook c a c t u s  
, 

Opuntia s t a n l y i  - S t a n l y ' s  c h o l l a  

a l l  p l a n t s  growing wi th in  fou r  hundred yards  of any highway, except  
noxious weeds. 



Appendix I 
Texas P l a n t s  P r o t e c t e d  Under t h e  Endangered Species  Act 

Cactaceae - Cactus fami ly  

1) A n c i s t r o c a c t u s  t o b u s c h i i  (Echinocactus  t obusch i i ,  Mammillaria 
t o b u s c h i i )  - Tobusch f i shhook c a c t u s  

On l imes tone ;  amoung j u n i p e r s ,  oaks and g r a s s e s  a t  about  1500 f e e t  
e l e v a t i o n .  Edwards P l a t eau  of Texas i n  Bandera County near  
Vanderpool (Lundel l ,  1969) 

2 )  Coryphantha minima (C.  n e l l i e a e ,  Esco rba r i a  n e l l i e a e ,  Mammillaria 
n e l l i e a e )  Nellie c o r y  c a c t u s  

Grassy h i l l s  a t . 4 , 0 0 0  t o  4,400 f e e t  e l e v a t i o n .  Nor theas te rn  
Brewster county ,  Lundel l  1969).  

3 )  Coryphantha t a m i l l o s a  - Bunched co.ry c a c t u s  

Discovered i n  Reagan Canyon Big Bend count ry  i n  Texas (Cutak, 
1956). Near Ria Grande i n  Brewster ar~d southern  T e r r e l l  c o u n t i e s .  
On l imes tone  i n  t h e  d e s e r t  a t  2,500 t o  3,500 f e e t  (Lundel l ,  1969).  

4 )  Coryphantha s n e e d i i  v a r .  l e e i  (Escobar ia  l e e i ,  Mammillaria l e e i )  - 
Sneed p incushion  c a c t u s ,  Lee pincushion c a c t u s  

Grows on l imes tone  i n  t h e  d e s e r t  a t  4,000 t o  5,000 f e e t  (Lundel l ,  
1969).  

5 )  Echinocereus l l o y d i i  (E. - r o t t e r i  v a r .  l l o y d i i )  - Lloyd ' s  hedgehog. 
c a c t u s  

Found on sandy o r  g r a v e l l y  s o i l s  i n  t h e  d e s e r t  a t  about  3,000 f e e t  
e l e v a t i o n .  I n  Texas,  found near  Tunas Spr ings  i n  Pecos County 
( ~ u n d e l l ,  1969).  

6 )  Echinocereus r e i c h e n b a c h i i  v a r .  a l b e r t i i  (E. mi lanocent rus)  - Black - -  
l a c e  c a c t u s  

Found near  A l i c e  i n  J i m  Wells County ( ~ u n d e l l ' ,  1969) .  

7 )  Echinocereus v i r i d i f l o r u s  v a r .  d a v i s i i  - ... (E .  d a v i s i i )  . . .. . . . . -. .- - Davis '  green 
p i t a  ya 

Found i n  rocky c r e v i c e s  i n  g r a s s l a n d ;  stems most ly  sub te r r anean  and 
o f t e n  covered by low-growing p l a n t s  such a s  ~ e l a ~ i n e l l a .  Near 
Marathon, Texas (Lundel l ,  1969).  



8)  Neolloydia mariposensis  (Echinocactus  mar iposens is ,  Echinomastus 
mar iposens is )  Lloyd's Mariposa c a c t u s  

Found near town of Mariposa, Texas ( Innes ,  1977). Found on lime- 
s t o n e  i n  t h e  d e s e r t  a t  2,500 t o  3,300 f e e t  e l e v a t i o n ;  nea r  Rio 
Grande i n  P r e s i d i o  County (Lundel l ,  1969) .  

Poaceae - Grass family 

9) Z i zan i a  texana - Texas w i ld - r i ce  

Known only  from t h e  v i c i n i t y  of San Marcos, Hays County, where i t  
grows i n  t h e  c o o l ,  f a g t  f lowing,  spring-fed waters  o f  San Marcos 
River near  i t s  source  (Gould, 1975).  



P a r t  C 

GOVERNMENT AGENCY SUPPORT 

The fo l lowing  i s  a b r i e f ' o v e r v i e w  of some of t h e  important  a r e a s  o f  

r e s e a r c h  and development o f  hydrocarbon and rubber  producing p l a n t s  i n  which 

t h e  U.S. government i s  c u r r e n t l y  involved .  



1.0 Federa l  Emergency Management Agency 

The Defense Product ion Act of  1950 (64 S t a t .  798) provided t h e  l e g a l  

b a s i s  f o r  t he  f e d e r a l  government' s a u t h o r i t y  t o  mobil ize  t he  na t ion '  s economy 

i n  t ime of war. A s  a  r e s u l t  of t h i s  a c t ,  FEMA (Fede ra l  Emergency Management 

Agency) i s  g iven  t h e  a u t h o r i t y  t o  determine which m a t e r i a l s  a r e  s t r a t e g i c  and 

c r i t i c a l  and t o  c a l c u l a t e  t h e  s t o c k p i l e  goa l s  f o r  t hose  m a t e r i a l s .  The g o a l s  

a r e  e s t i m a t e s  of t h e  United S t a t e s  v u l n e r a b i l i t y  t o  sho r t ages  of s t r a t e g i c  

and c r i t i c a l  m a t e r i a l s .  The General Serv ices  Adminis t ra t ion  (GSA) i s  respon- 
' 

s i b l e  f o r  the  purchase of  c r i t i c a l  and s t r a t e g i c  m a t e r i a l s :  

The g o a l s  a r e  based on the  amount of t h a t  r e sou rce  t h a t  would be 

requi red  during a. convent iona l  three-year  war. For every ton of m a t e r i a l  

t h a t  i s  produced domes t i ca l l y ,  t h e  s t o c k p i l e  requirement  i s  reduced by t h r e e  

tons .  Therefore ,  FEMA's po l i cy  i s  t h a t  i t  i s  more c o s t  e f f e c t i v e  t o  encour- . 

age  t h e  domestic product ion of  s t r a t e g i c  and c r i t i c a l  m a t e r i a l s ,  where 

p o s s i b l e ,  r a t h e r  than purchase a d d i t i o n a l  resources  f o r  s t o c k p i l i n g  (Ha l l ,  

persona l  communication). 

- The agency has  $100 m i l l i o n  t o  purchase the  62 i d e n t i f i e d  c r i t i c a l  and 

s t r a t e g i c  m a t e r i a l s ,  most of which a r e  m e t a l s .  ( t hey  purchased 1.2 m i l l i o f i  

pounds of  c o b a l t  i n  1981--Morozek, pe r sona l  communication; Natura l  Rubber 

News, May 1981b). 

1.1 J o  ioba* 

FEMA i s  cons ide r ing  t h e  use of  jo joba  o i l  a s  a  replacement f o r  c a s t o r  

o i l .  Castor  q i l  i s  on FEMA1s c r i t i c a l  and s t r a t e g i c  m a t e r i a l s  l i s t :  It i s  

used a s  a lubr i , can t .  Sperm o i l  i s  f a r  s u p e r i o r  t o  c a s t o r  o i l  a s  a  l u b r i c a n t  

and can he s u b s t i t u t e d  f o r  a l l  s t r a t e g i c  and c r i t i c a l  u se s  of c a s t o r  o i l  

*Chip Hines, FEMA, was t h e  source  of information i n  t h i s  s e c t i o n  u n l e s s  
o therwise  i nd i ca t ed .  



(Hines,  pe r sona l  communication; Miwa,.personal communication), but i t  i s  

i l l e g a l  t o  use sperm o i l  I n  t h c  United S t a t e s .  Because jojoba o i l  i s  

chemica l ly  very s i m i l a r  t o  sperm o i l  and can be s u b s t i t u t e d  f o r  sperm o i l  

(NAS, 1977b),  i t  i s  l i k e l y  t h a t  any domest ic  product ion of jojoba o i l  could  

j u s t i f y  a  r educ t ion  i n  t h e  s t o c k p i l i n g  of c a s t o r  o i l .  

Cas to r  o i l  was l a s t  produced i n  t h e  United S t a t e s  i n  1976, when USDA's 

p r i c e  suppor t s  f o r  c a s t o r  o i l  ended. Our c u r r e n t  supply comes from Ind ia  'and 

B r a z i l .  I f  jo joba  o i l  can i n  f a c t  r ep l ace  c a s t o r  o i l ,  t hen  f o r  every pound 

of  jojoba produced domes t i ca l l y ,  3  pounds.of c a s t o r  o i l  would be d e l e t e d  from 

t h e  s t o c k p i l e  requirement.. 

A s  shown i n  t a b l e  1-1, t h e  equ iva l en t  of 9.5 m i l l i o n  pounds of c a s t o r  

o i l  remains t o  be s t o c k p i l e d .  Since i t  c o s t s  about  454 pe r  pound, t h i s  . 

r e p r e s e n t s  almost $4.3 m i l l i o n .  

Table  1-1. Cas to r  O i l :  S tockp i l e  Goals and Equiva len t  

Na tu ra l  rubber  i s  included on FEMA's l i s t  of s t r a t e g i c  and c r i t i c a l  

r e sou rces  (Morozek, pe r sona l  communicatio'n). The c u r r e n t  goa l  is  t o  s tock-  

p i l e  850,000'10ng t o n s  (952,000 s h o r t  t o n s )  of NR. Af t e r  t h e  s a i e  of 500 

Substance 
, 
Castor  o i l  

Sebacic  ac id*  

Castor  o i l *  equ iva l en t  
----. 

**Unless o therwise  documented, t h e  source  f o r  in format ion  i n  t h i s  s e c t i o n  was 
La r ry  H a l l ,  persona l  communicat'ion. . 

*It r e q u i r e s  2.5 pounds of  c a s t o r  o i l  t o  make 1 pound of s ebac i c  a c i d .  
2 

m i l l i o n  pounds 
FEMA Stockpile Goal 

. ~ .  

2 2  

8.8 

2 2 

Cussesf S t o c k p i l e  

none 

5 

12.5 



long  t o n s  i n  A p r i l  (Malays ian  Rubber Bureau,  1981b) ,  FEW h a s  l e s s  than  

11'9,000 long  t o n s  s t o c k p i l e d .  T h e r e f o r e ,  t o  make .up t h e  d e f i c i t ,  FEMA must 

e i t h e r  p u r c h a s e  o v e r  731,000 l o n g  t o n s  of  Hevea NR, o r  produce 250,000 long  

t o n s  of  domes t i c  g u a y u l e  NR. 

C u r r e n t l y ,  FEMA's p r e f e r e n c e  is t o  s u p p o r t  domes t i c  p r o d u c t i o n  o f  

r u b b e r ,  where p o s s i b l e ,  r a t h e r  t h a n  t o  s t o c k p i l e  Hevea. FEMA's r e a s o n s  f o r  

t h i s  p o l i c y  a r e  based on both  t h e  Hevea s u p p l y  and p r i c e  s i t u a t i o n .  A l l  

Hevea rubber  produced i s  consumed; t h e r e f o r e ,  a  s u r p l u s  i s  u n l i k e l y .  I n  

a d d i t i o n ,  t h e  p r i c e  o f  Hevea r u b b e r  may be  v o l a t i l e ,  bu t  i t  i s  c o n s i s t e n t l y  

h i g h .  For example, t h e  p r i c e  i n  '1980 ranged  from a b o u t  684 p e r  pound t o  

806 p e r  pound ( s e e  f i g u r e  1-1). The p r i c e  i n  1981 h a s  been g e n e r a l l y  lower  

t h a n  i n  t h e  p r e v i o u s  y e a r ,  bu t  even at  58d p e r  pound (Wal l  S t r e e t  J o u r n a l ,  

J u n e  8 ,  1981) t h e  c o s t  t o  p u r c h a s e  731,000 l o n g  t o n s  of  Hevea r u b b e r  f o r  

s t o c k p i l e  would be  abou t  $950 m i l l i o n  f o r  t h e  rubber  a l o n e .  A t  65d p e r  

pound of r u b b e r ,  t h i s  c o s t  r i s e s  t o  o v e r  $ 1  b i l l i o n .  

To d a t e ,  FEMA h a s  n o t  purchased a n y  NR, a l t h o u g h  i t  'is a v e r y  h i g h  

p r i o r i t y  i t e m  (Morozek, p e r s o n a l  communication).  F u r t h e r ,  FEMA h a s  been 

u n s u c c e s s f u l  i n  c o n v i n c i n g  OMB ( o f f i c e  o f  Management and Budget)  of t h e  need 
. . .  

t o  s u p p o r t  guayu le  commerc ia l i za t ion .  I n  1980,  FEMA s u b m i t t e d  a p r o p o s a l  f o r  

a 10-year $200 m i l l i o n  p r o j e c t ,  which i n c l u d e d  b u i l d i n g  a p r o c e s s i n g  p l a n t .  

The p r o p o s a l  was n o t  funded ( B l u n d e l l ,  1981) ,  b u t  i t  is  b e i n g  r e s u b m i t t e d  

t h i s  yea r .  

FEMA i s  develop, ing purchase  s p e c i f i c a t i o n s  f o r  guayu le ,  a l t h o u g h  i t  h a s  

no budget t o  do s o .  I f  FEMA's budget  f o r  guayu le  i s  approved t h i s  y e a r ,  they  

p l a n  t o  examine t h e  l o n g  t e r m  s t o r a g e  o f  guayu le  rubber  a s  w e l l  a s  s u p p o r t  

r e s e a r c h  and development p r o j e c t s ,  and p l a n t i n g  o f  guayu le .  FEMA w i l l  a l s o  

i n v e s t i g a t e  a g u a r a n t e e d  purchase  program t o  e n s u r e  a market  f o r  guayu le  NR. 
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2.0 USDA* 

The J o i n t  Commit t e e  on  Guayule Research and Commercia l iza t ion ( J o i n t  

Commission) was e s t a b l i s h e d  by t h e  N a t i v e  L a t e x  Commercia l iza t ion and Eco- 

nomic Development Act o f  1978 (P.L. 95-592 92 S t a t .  2529).  The S e c r e t a r y  o f  

A g r i c u l t ~ ~ t - e  i.s t h e  chairman of  t h e  J o i n t  Commission, which a l s o  i n c l u d e s  

r e p r e s e n t a t i v e s  from USDA, t h e  Department of Commerce, t h e  Bureau of I n d i a n  

A f f a i r s  (Department o f  I n t e r i o r )  and t h e  N a t i o n a l  S c i e n c e  Foundat ion.  

The b i l l  a u t h o r i z e d  $30 m i l l i o n  f o r  a p p r o p r i a t i o n  by t h e  S e c r e t a r i e s  o f  

A g r i c u l t u r e  and Commerce d u r i n g  f i s c a l  y e a r s  1980 t o  1983. To d a t e ,  no funds  

have been r e q u e s t e d  by t h e  USDA under t h e  N a t i v e  L a t e x  Act ;  however, USDA 

p l a n s  t o  r e q u e s t  funds  under t h e  Act f o r  FY 83. I n  1981, USDA's own budget 

f o r  guayu le  i s  $1.7 m i l l i o n .  It i s  $2 m i l l i o n  f o r  1982, and t h e  1983 budget 

h a s  n o t  been determined.  

USDA i s  c u r r e n t l y  focus ing  on a seed program. The two g o a l s  of t h i s  

program a r e  t o  c e r t i f y  s e e d ,  t h a t  i s ,  t o  e s t a b l i s h  t h e  amount o f  r u b b e r  t h a t  

can  be expected from d i f f e r e n t  v a r i e t i e s  o f  guayu le ,  and t o  i n c r e a s e  t h e  

amount o f  seed  a v a i l a b l e  f o r  p l a n t i n g .  

2.1 USDA C e r t i f i e d  Seed I n c r e a s e  Program 

USDA h a s  determined t h a t  8  o f  t h e  26 known . v a r i e t i e s  of guayu le  a r e  high 

r u b b e r  p roducers .  These v a r i e t i e s  a r e  adap ted  t o  d i f f e r e n t  env i ronments ,  s o  

t h e , v a r i e t y  p lan ted  by a  grower w i l l  depend upon where t h e  p l a n t .  i s  t o  be 

c u l t i v a t e d .  

* Informat ion  i n  t h i s .  s e c t i o n  o b t a i n e d  from p e r s o n a l  communication w i t h  
Wheaton, USDA. 



C e r t i f i e d  seed i s  guaran teed  t o  be  a  t r u e  r e l a t i v e  of  foundat ion  seed ,  

which i s  t h e  product of  b reed ing  by p l an t  s c i e n t i s t s  a t  land-grant  un ive r s i -  

t i e s .  The amount of  foundat ion  seed i s  inc reased  by t h e  a g r i c u l t u r a l  experi-  

mental  s t a t i o n s  and by t h e  s t a t e  c rop  improvement a s s o c i a t i o n s .  

2.2 Seed I n c r e a s e  Proeram 

USDA'began t h e i r  seed i n c r e a s e  program with t h r e e  pounds of  guayule  seed 

(350,000 seeds  per  pound). USDA's plans f o r  1981 a r e  t o  p l an t  about 100 

a c r e s  of  guayule  s e e d l i n g s .  l ben ty - f ive  a c r e s  have been o r  w i l l  be p lan ted  

by A g r i c u l t u r a l  Experimental  S t a t i o n s  i n  four  s t a t e s  : Marana, Arizona; 50 

m i l e s  sou th  of Las Cruces,  New Mexico; Pecos,  Texas; and C a l i f o r n i a .  The 

seed from t h i s  p l a n t i n g  w i l l  be used t o  p l a n t  more guayule s eed l ings  i n  1982. 

U l t ima te ly ,  t he  seed produced from t h i s  program w i l l  be a v a i l a b l e  

th rough t h e  S t a t e  Crop Improvement Program, which w i l l  s e l l  t he  seed.  

Once enough seed i s  a v a i l a b l e  f o r  20,000 a c r e s  of guayule ,  which i s  

s u f f i c i e n t  t o  supply  a  p i l o t  p rocess ing  p l a n t ,  USDA plans  t o  cease  t h e i r  

g11ayu1.e n p e r a t i o n s .  

2.3 Rubber Y ie ld s  

USDA expec t s  t o  o b t a i n  a  rubber  y i e l d  of  1 ,500 pounds per a c r e  a f t e r  

f o u r  y e a r s  o f  growth (375 pounds per a c r e  per y e a r ) .  This  i s  . l e s s  than 

r epo r t ed  y i e l d s  from t h e  ERP (400 pounds per ac re  per yea r ) .  However, USDA 

f e e l s  t h a t  r epo r t ed  ERP y i e l d s  may have been o v e r s t a t e d .  



3.0 Department of  Defense  

The Department o f  Defense  h a s  been and  pe rhaps  s t i l l  is i n v o l v e d  i n  

' t e s t i n g  guayule  rubber  f o r  c r i t i c a l  and s t r a t e g i c  u s e s ,  b u t  t h e i r  r e p r e -  

s e n t a t i v e  d e c l i n e d  t o  comment.. 



LITERATURE CITED 

Alcorn,  S. M. and D. Young. ,1979. D i s e a s e s  of jo joba .  Proceedings  From t h e  
T h i r d  I n t e r n a t i o n a l  Conference on J o j o b a ,  R i v e r s i d e ,  C a l i f o r n i a .  
September 13-19, 1979. 

Andreas,  Barbara  K. and  Tom S. Cooper r ide r .  1980. The ~ s c l e ~ i a d a c e a e  of 
Ohio. ' C a s t a n e a  45: 51-55. 

Anonymous. 1977a. J o j o b a  motor o i l  - Key O i l  & L u b r i c a n t s ,  I n c .  J o j o b a  
Happenings 20: 12-13. 

Anonymous. 1 9 8 0 c .  Goodyear b u i l d s  g i a n t  OTR t i r e .  Rubber World 183: 23.  

Anonymous. 1980d. A c c k l e r a t e d  d r y i n g  - A new r a i n c o a t  f o r  r a i 6 i . n ~ .  
A g r i c u l t u r a l  Research ,  December: 12-14. 

A r i z o n a  Yearbook. 1979/1980. Eds. Richard Yates  and C h a r i t y  Ya tes .  Arizona 
I n f o r m a t i o n  P r e s s .  

Arizona Water Commission. . 1977. Phase  11. Arizona S t a t e  Water P lan :  
A l t e r n a t i v e  F u t u r e s .  

Rack, Wil l iam Douglas and J e f f e r y  S. Tay lor .  1980. Navajo w a t e r  r i g h t s :  
p u l l i n g  t h e  p lug  on, t h e  Colorado R i v e r ?  N a t u r a l  Resources  J o u r n a l  
20: 71-90. 

B a i l e y ,  L. H. 1949. Manual .of C u l t i v a t e d  P l a n t s .  'l'he Maemillan Cuulpauy. 
New York. 

8 

Beck, Warren A. and Ynez D. Haase. 1969. H i s t o r i c a i    el as df New Mexlcu. 
Univers iLy uT Oklal~ama Press. Prorruun. 

Beck, Warren A.  and Ynez D. Haase. 1974. H i s t o r i c a l  A t l a s  of C a l i f o r n i a .  
U n i v e r s i t y  of Oklahoma P r e s s .  Norman. 

Hecke t t ,  R. E .  and R. 3.  SLiLr 1335. Thc d c o c r t  milkweed (Ascl~pias 
s u b u l a t a )  a s  a p o s s i b l e  s o u r c e  of r u b b e r .  U.S.D.A T e c h n i c a l  
B u l l e t i n  No. 412.  

~ e r k m a n ,  B o r i s .  1949. Milkweed - A war s L r a k e g i c  m a t e r i a l  and a p o t c n t i ~ b  
i n d u o t r i a l  c rop  f o r  sub'rnarginal l a n d s  i n  t h e  Uni ted  S t a t e s .  
Economic Botany 3: 223-239. 

Rernow, S. S., S. H. Nelson,  D. A. Nicho ls  and P. P. Raskin.  1978. 
I n d u s t r i a l  c o g e n e r a t i o n  i n  New York s t a t e :  I d e n t i f y i n g  and Over- 
coming barriers. .Energy Systems Research Group, Inc .  Albany, New 
York. 

Bhowmik, P r a s a n t a  C .  1978. Germinat ion,  growth,  and development of common 
milkweed. Canadian J o u r n a l  of P l a n t  Sc ience  58: 493-498. 



B l u n d e l l ,  Wil l iam B .  1981. S c r u f f y  d e s e r t  p l a n t ,  once  v i t a l  t o  U.S., i s  
bouncing back.  Wall  S t r e e t  J o u r n a l ,  March 27,  1981.  

Bradley,  Nelson,  e t  a l .  1979. T a r g e t s  f o r  U t i l i z a t i o n  of Recovered 
M a t e r i a l s  i n  t h e  Rubber I n d u s t r y .  Hi t tman A s s o c i a t e s ,  I n c .  A p r i l ,  
1979. P repnred /  f o r  U.S. DOE O f f i c e  of I n d u s t r i a l i z a t i o n  and 
A p p l i c a t i o n .  

B r e d a h l ,  A r t h u r .  1980. S p e c u l a t i v e  f o r e c a s t  shows f u t u r e  jo joba  l a n d  
. p r i c e s . .  P e t r o c u l t u r e  1: 8-10. 

Ruchanan, R. A.,  I. M. C u l l ,  F. 11. Otey,  and C. R. R u s s e l l .  1978a.  
Hydrocarbon and rubber  producing c r o p s :  E v a l u a t i o n  of  U.S. p l a n t  
s p e c i e s .  Economic Botany 32: 131-145. 

Ruchanan, R'. A . ,  I r e n e  M. C u l l ,  F. H. Otey,  and C. R. R u s s e l l .  1978b. 
E v a l u a t i o n  o f  100 U.S. p l a n t  s p e c i e s .  Economic Botany 32: 146-153. 

Buchanan, R .  A. and F. H. Otey.  1979. ~ u l t i - u s e  o i l -  hydrocarbon-producing 
c r o p s  i n  a d a p t i v k  sys tems f o r  f o o d ,  m a t e r i a l ,  and energy p r o d u c t i o n .  

, R i o s o u r c e s  D i g e s t  1: 176-202. 

C ~ l h o u n ,  Wheeler,  and J., M .  Crane. 1978. Seed y i e l d s  of  meadowEoam a s  
i n f l u e n c e d  by N, s e e d i n g  r a t e s ,  and s o i l - w a t e r  t a b l e  l e v e l s .  
Agronomy J o u r n a l  70: 924-926. 

C a l i f o r n i a  S t a t i s t i c a l  ~ b s t r a c t .  1979. s t a t e '  of  C a l i f o r n i a .  Sacramento ,  
C a l i f o r n i a .  

~ a l v i n ,  Melvin. 1979.  Pet roleum p l a n t a t i o n s  f o r  f u e l  and m a t e r i a l s .  Bio- 
S c i e n c e  29: 533-538. 

Chambers, R. S. e t  a l .  1979. Gasohol:  noes  i t  o r  d o e s n ' t  i t  produce 
p o s i t i v e  n e t  energy.  S c i e n c e  206: 789-95. 

Ching, Lim Sow. 1980.  The r o l e  of Malaysian r u b b e r  and tubber-based 
i n d u s t r i e s  i n  the 1980s .  Malaysian Rubber Review 3 ( 1 ) :  13-28. 

C i c c h e t t i ,  C h a r l e s  J . ,  Wil l iam J.  G i l l e n ,  and P a u l  Smolensky. 1976. The 
Marginal  Cost  a n d '  p r i c i n g  of E l e c t r i c i t y :  An Appl ied  Approach. 
Repor t  t o  t h e  N a t i o n a l  S c i e n c e  Founda t ion .  

C l a r k ,  F r e d r i c k  E. 1948. Domestic n a t u r a l  r u b b e r s .  Chemical and Engineer-  
i n g  News 26: 926-929. 

Cole ,  D. F. 1974. E f f e c t  of  l i g h t  and t e m p e r a t u r e  on g e r m i n a t i o n  of two 
a c c e s s i o n s  o f  Limnanthes a l b a  s e e d .  Economic Botany. 28: 155-159. 

C o n g r e s s i o n a l  Resea rch  S e r v i c e .  1980. S t a t e  and N a t i o n a l  Water Use Trends  
t o  t h e  Year 2000. For t h e  Committee on Environment and P u b l i c  
Works, U.S. Sena te .  S e r i a l  No. 96-12. U.S. Government P r i n t i n g  
Off i c e .  Washington, D.C. 



Crane ,  J : M . ,  W .  Calhoun, and T. .A.  Ayres.  1981. Seed and o i l  c h a r a c t e r -  
i s t i c , ~  o f  n i t r o g e n  f e r t i l i z e d  meadow foam. Agronomy J o u r n a l .  
.73: 255-256. 

I 
C r u s e ,  Rober t  R.  1949. A chemurgic s u r v e y  of t h e  d e s e r t  f l o r a  i n  t h e  

American Southwest .  Economic Botany 3: 111-131. 

Cutak,  L a d i s l a u s .  1956. Cac tus  Guide. Van Nostrand Co., I n c .  New J e r s e y .  

Daugher ty ,  P. M.,  H. H. ~ i n e a t h  and T. A. Was t le r .  1958. I n d u s t r i a l  raw 
m a t e r i a l s  of p l a n t  o r i g e n  I V .  A su rvey  of Simmondsia -- c h i n e n s i s  -- 
( j o j o b a ) .  Economic Botany 12: 296-306. 

Devine,  Michael  D. ,  S teven  C .  B a l l a r d ,  and I r v i n e  L. White. 1980. Energy 
from t h e  w e s t e r n  s t a t e s  o f  t h e  USA. Energy P o l i c y .  229-233. 

DuMars, C h a r l e s  and Helen Ingram. 1980. Congress iona l  q u a n t i f i c a t i o n  of 
I n d i a n  r e s e r v e d  w a t e r  r i g h t s :  A d e f i n i t i v c  o o l u t i a n  or a ullrage? 
N a t u r a l  Resources  J o u r n a l .  20:18-43. 

Evans ,  L. T. 1980. The n a t u r a l  h i s t n r y  nf c r o p  y i e l d .  h e ~ i c a a  3 c i e l l ~ l s c .  
68: 388-397. 

E v e t t s ,  L. L. ,  and 0.  C .  Rurnside .  1972. Germination and seed l i .ng  deve- 
lopment o f  common milkweed and o t h e r  s p e c i e s .  Weed S c i e n c e .  
2 0 ( 4 ) :  371-378. 

E v e t t s ,  L. L. and 0:C. Burns ide ,  1973a. Rer!g r o o f  nnrl n h a a t  d c ~ e l v ~ a ~ c l l i  
of n i n e  p l a n t  s p e c i e s .  Weed S c i e n c e  21(4.): 289-291. 

E v e t t s ,  L. L. and 0. C. Burns ide .  1973b. Common 1nilk.weed sped m a t u r a t i o n .  
weed S c i e n c e  21(6): 568-569. 

E v e t t s ,  L. L. and 0.  C. Purns ide .  1973c. Compet i t ion of common milkweed 
w i t h  sorghum. Agronomy J o u r n a l .  65: 931-932. 

F e l k e r ,  P e t e r ,  Pe te r  R .  C l a r k ,  Joseph  Osborn,  a.rld G. H. C a n n e l l .  1980. 
Ni t rogen  . C y c l i n g  r- Water u s e  e f f i c i e n c y  . i n t e r a c t i o n s  i n  semi-ar id  
ecosystems i n  r e l a t i o n  t o  management of t ree  l e g ~ l m ~ s  ( P r n o o p i c ) .  
PPesented a t :  I n t e r n a t i o n a l  Symposium on Browse i n  A f r i c a  I n t e r n a -  
t i o n a l  L i v e s t o c k  Cente r  f o r  A f r i c a  Addis Abba, E t h i o p i a .  

F i s h e ' r ,  G. 1979. .Tnjoba P l a n t  Maintenance.  P r e s e n t e d  a t  1977 Ar izona  
J o j o b a  Confe rence ,  U n i v e r s i t y  of Arizona,  Tucson. Oc tober ,  1979. 

F i s h e r ,  Gordon. 1980. J o j o b a  p l a n t a t i o n  maintenance.  J o j o b a  Happenings 31: 
1-5. 

F o s t e r ,  Kenni th  E. 1979. Ar id  l a n d s  biomass p r o d u c t i o n  i n  Ar izona .  Arizona 
Water Resources  P r o j e c t  I n f o r m a t i o n  B u l l e t i n  No. 22. 

F o s t e r ,  e t  a l .  1979. A S o c i o - t e c h n i c a l  Survey of Guayule Rubber Commer- 
c i a l i z a t i o n .  Repor t  f o r  The N a t i o n a l  Sc ience  Foundat ion.  



. . 

Foster, K. E. and N'. G. Wright. 1979. ~nveiti~ation of the Development of 
an Indian Reservation-Based Jo joba 'industry. Off ice of Arid Lands 
Study for the National Science Foundation. 

Foster, K. E. and N. G. Wright. 1980. Jojoba: An alternative to the con- 
flict between agricultural and municipal ground-water requirements 
in the Tuscon area, Arizona. Ground Water 18: 31-36. 

Foster, Kennith E., William G. McGinnies, Jonathan GI Taylor, and Jean L. 
Mills. 1980. A Technology Assessment of Guayule Rubber Commer- 
cialization. Final report. Off ice of Arid   and Studies, University 
of Arizona. 

Fuchs, John. 1974. Super vega. Motor Trend. 

Gaertner, Erika E. 1479. The history and use of milkweed (Asclepias 
syriaca L.) Economic Botany 33(2): 119-123. 

Gaines, L. L. and S. Y. Shen. 1980. Energy and Materials Flows in the 
Production of Olefins and Their Derivatives. Argonne National 
Laboratory: prepared for U.S. Dept. of Energy ANL/CNS V-9. 

Gentry, H. S. 1958. The natural history of , jojoba (Simmondsia chinensis) 
and its cultural aspects. Economic Botany. 12 : 261-295. 

Gentry, ~oward Scott, and R. W. Miller. 1965. The search for new industrial 
crops. IV. Prospectus of Limnanthes. Economic Botany. 19(1): 
25-32. 

Geraghty, Miller, Van der Leeden, and Troise. 1973. Water Atlas of the 
United States. Water Information Center. Port Washington, N.Y. 

Gerhardt. F. 1930. Commercial possibilities of the common milkweed. 
Industrial. and Engineering Chemistry. 22(2): 160-163. 

Goodin, J. R. and C.,M. McKell. 1971. Shrub productivity: A reappraisal of 
arid lands. In: Food, Fiber, and the,Arid lands. W. G. McGinnies, 
B. J. GoldmanT~. Paylore (editors). University of Arizona1 Press, 
Tucson, Arizona. 

Could, Frank. 1975. The Grasses of Texas, Texas A&M'University Press. 

Gray, Asa. (rewritten by Merritt Lyndon Fernold) 1970. Gray's ~anual of 
Botany. D. Van Nostrand Company. New York. 

Grilli, Enzo R. 1980. The World Rubber Economy. World Bank Staff 
Occasional Papers No. 30. The Johns Hopkins University Press. 
Baltimore and London. 

Groet, S. S. and G. H. Kidd. 1981. Somatic embryogenesis and regenera- 
tion from .milkweed callus. Biomass (In press). 



Haag, W .  O., P. G. Rodewald, and P. B.  Weisz. ,1980. C a t a l y t i c  P r o d u c t i o n  of 
Aromat ics  and O l e f i n s  from P l a n t  M a t e r i a l s .  Symposium on A l t e r n a t i v e  
F e e d s t o c k s  f o r  P e t r o c h e m i c a l s ,  American Chemical S o c i e t y ,  San 
F r a n c i s c o ,  C a l i f o r n i a .  

H q l l ,  Harvey Moproe And Thomas Harper  Goodspeed. 1919a. 11. C h r y s i l ,  a new 
r u b b e r  from Chrysothamnus nauseosus .  U n i v e r s i t y  uf C a l i f o r n i a  Pub- 
l i c a t i o n s  i n  Botany. 7(7):183-264. 

H a l l ,  H. M.  and F. L. Long. 1921. Rubber-content of North American P l a n t s .  
Carneg ie  I n s t .  Wash. Pub. 313. Washington, D.C. 

Hammond, B. L. and L. G. Polhamus. 1965. Research on guayule  (Par thenium 
a r g e n t a t u s )  1942-1959. U.S. Dept. of Agriral. R u L l e t i n  No. 1327 
washington,  I) .c.  1 5 1  p .  

Hanson, G.  P., H. H. Naqvi, I. Mehta, N. E l d e r ,  and C ,  Beaupre. 1.979. 
Guayule - A p o t e n t i a l  r u b b e r  c r o p  f o r  semi-ar id  l a n d s .  p roceed ings  
o f  t h e  I n t e r n a t i o n a l  Ar id  Lands Confe rence ,on  P l a n t  Resources ,  Texas 
Tech u n i v e r s i t y .  J. R. Goodin and  D. K. ~ o r t h i r i ~ t o n ,  Eds. 

Hogan, Le Moyne. 1979. J o j o b a :  A new crop  f o r  a r i d  r e g i o n s .  I n ,  New 
A g r i c u l t u r a l  Crops ,  G. A. R i t c h i e ,  Ed. Westview P r e s s ,  Boulder ,  
p. 177. 

Hogan, L. 1979. S i t e  s e l e c t i o n  f o r  jo joba .  J o j o b a  Happenings 29: 1-5. 

I b b o t o c n ,  R. C.  and  R6 A .  S i n g u e E i e l J .  197G. S ~ u c k s ,  bonds, bills, and 
i n f l a t i o n .  Year by Year H i s t o r i c a l  Re turns  (1926-1979). The J o u r n a l  
of Bus iness .  

Imle ,  E r n e s t .  1978. Hevea r u b b e r  - P a s t  and f u t u r e .  Economic Botany 3 2 :  
264-277. 

I n n e s ,  C l i v e .  1977. The Complete Handbook of C a c t i  and S u c c u l e n t s .  Van 
Nostrand Reinhold Co., New York. 

J e f f e r y ,  L a r r y  S .  and  Laren  R. Robinson. 1971. Growth c h a r a c t e r i s t i c s  o f  
common milkweed. Weed S c i e n c e  1 9 ( 3 ) :  193-196. 

Johnson,  J a c k  D. and C .  W.  Hinrnan. 1980. O i l s  and rubber  from a r i d  l a n d  
p l a n t s .  S c i e n c e  208: 460-464.. - 

Johnson,  L. A .  and E. W. Lusas .  1980. Opt imizing jo joba  . o i l  r ecovery  pos- 
s i b l e ,  new r e s e a r c h  s u g g e s t s .  P e t r o c u l t u r e  1: ,18-22. 

K a r p i s c a k ,  M a r t i n  M . ,  R. L e s l i e  Rawles,  Kenni th  E .  F o s t e r ,  Aden B. Meinel ,  
and M a r j o r i e  P. Meinel .  1980. The F e a s i b i l i t y  of Using Russ ian  
T h i s t l e  S a l s o l a  k a l i  L . . f o r  Bioconvers ion ,  F o u r t h  Q u a r t e r l y  Repor t .  
U n i v e r s i t y  of Ar izona ,  Tucson. 

Kearney,  Thomas H. ,  and  Rober t  H. P e e b l e s .  1951. Arizona F l o r a  U n i v e r s i t y  
of C a l i f o r n i a  P r e s s .  Berke ley .  2 f 



. . 
K e l l e y ,  0 .  J . ,  H.  R.  Ha i se ,  L. C .  Markham, and A .  S. Hunter .  1946. 

I n c r e a s e d  r u b b e r  p r o d u c t i o n  from t h i c k l y  seeded guayule .  Amer. Soc. 
Agronomy J o u r n a l .  38: 589-613. 

K e s s l e r ,  K a r l .  1981. Bad p l a n t s  go s t r a i g h t .  The Furrow ( John  Deere 
Company) March 1981. 

Kinderman, E. M . ,  e t  a l .  1980. T e c h n i c a l  and Economic E v a l u a t i o n s  of 
Rinmass U t i l i z a t i o n  P r o c e s s e s .  SRI I n t e r n a t i o n a l ,  p r o j e c t  no. 7885. 

Kohan, Stephen M.  and Donald J .  ~ i l h e l m .  ' August 17-20', 1980. Recovery of 
hydrocarbon- l ike  compounds and s u g a r s  from Euphorbia  l a t h y r i s .  
P r e s e n t q d  a t  Assoc. of Ind.  Chem. and Eng. 8 9 t h  N a t i o n a l  Meet ing,  
P o r t l a n d  Oregon, SRI I n t e r n a t i o n a l .  

Larsen ,  P. L. 1980. N a t u r a l  r u b b e r  keeps  bouncing back. Rubber World 
182(2)  : 60-62. 

Lowenste in ,  R.  1981. When is  a s h r u b  a hedge? When i t s  a jo joba .  Wall 
S t r e e t  J o u r n a l ,  J a n u a r y  27, 1981. 

L u n d e l l ,  Cyrus Longworth. 1969. F l o r a  of Texas,  Volume 11. Texas Research 
Foundat ion.  

Malaysian Rubber Rure,au. 1981a. N a t u r a l  Rubber N e w s .  J a n u a r y ,  1981. 

Malays'ian Rubber Bureau. 1981b. GSA s o l d  unwanted rubber .  N a t u r a l  Rubber 
News. May, 1981: '7. 

McCallum, W. B.  1'941. The c u l t i v a t i o n  of guayule:  I and 11. I n d i a  Rubber 
World 105: 33-36, 153-156. 

McGinnies, W .  G. and J .  L. M i l l s .  Guayule Rubber P r o d u c t i o n :  The World War 
I1 Emergency Rubber P r o j e c t :  A Guide t o  F u t u r e  Development ( O f f i c e  
of Arid  Land S t u d i e s )  Univ. of Arizona,  Tucson, Arizona.  

McLaughlin, S t e v e  and Joseph  Hoffman. 1980. P o t e n t i a l  of d e s e r t  p l a n t s  t o  
produce energy and pe t rochemica l s :  An energy  budget a n a l y s i s .  D r a f t  
Paper .  

Mehta, I n d i r a  J . ,  Sur l -nder  P. D h i l l o n ,  and 'George P. Hanson. 1979. Trichome 
morphology a s  an  i n d i c a t o r  of h i g h  rubber  b e a r i n g  guayule  (Par thenium 
argen ta tum,  Gray) p l a n t s  i n  n a t i v e  p o p u l a t i o n s .  American J o u r n a l  of 
' ~ o t a n ~  66(7) :  796-804. 

M e t c a l f e ,  C. R. 1967. D i s t r i b u t i o n  of l a t e x  i n  t h e  p l a n t  kingdom. Economic 
Botany 21: 115-127. 

M i l l e r ,  R.' W . ,  M. E. Daxenbich le r ,  F. R.  Ear. le,  and H.  S .  Gentry .  1964. 
Search  f o r  new i n d u s t r i a l  o i l s .  V I I I .  The genus Limnanthes J. of 
Am. O i l  Chem. Soc. 41: 167-169'. 



Munz, Philip A. 1959. A University of California Flora. University of 
California Press, Berkeley. 

Munz, Philip A. 1974. A Flora of Southern California. University of 
California Press, Berkeley. 

National Academy of Sciences. 1977a. Guayule: An Alternative Source of 
Natural Rubber. National Academy of Sciences, Washington, D.C. 

National Academy of Sciences. 1977b. Jojoba: Feasibility for Cultivation 
on Indian Reservations in the Sonoran Desert Region. National 
Research Publication No. 2618. 

Nemethy, E. Kg, J. W. Otvos, and M. Calvin. 1980a. Hydrocarhnns from 
Yuphorbia l a t h y r i s .  Submitted to Pure aid  Applied Chemistry. 

Nemethy, E. K., J. W. Otvos, and M. Calvin. 1980b. High energy l i g ~ ~ i d  fuels 
from plants. To be published in Fuels From Biomass, D. L. Klass and 
E. Emert, Editors. 

New Mexico Statistical Abstract. 197911980. Bureau of ~uslness and Economic 
Research. The University of New Mexico, Albuquerque. 

Palzkill, D. A. 1980. Establishing jojoba in field plantings. Jojoba 
Happenings 30: 3-8. 

Peoples, Timothy R. and Jack D. Johnson. October 6-8, 1980. Crop alter- 
natives in semi ar1.d regl.on$? To he prcsentcd aL a Notional 
Council for Science and Technology (CONACYT) and National Commission 
'for Arid Land Studies (CONAZA). . 

Plant Resources Institute. 1981. A. Demonstration of Petroleum Farming. 
Draft-final repoft (FCRC No. 6 (MS) 92-445-068-5) Submitted to Four 
Corners Regional Commission. 

Prance, Ghillean T, and Thomas S. Elias. 1976. Extinction is Forever. 
~toc~edin~s. of a Symposium held at The NewaYork Botanical Garden, 
May 11---13. Tlle New York Botanical Garden, Bronx, New York.. 

~rincen, L. H. 1977. Potential wealth in new crops: Research and deve- 
lopment. In: Crop Resources. David S. Seigler (editor). 
Academic Press Inc., New York. 

Public Land Statistics. 1979. U.S. Department of the Interior. Bureau of 
Land Management. 

Rubis, D. D. 1979a. (unpublished) Summary of Industry Workshop on National 
Guayule Program; held at B. F. Goodrich Research Center, Brecksville, 
OH. 23 May 1979. 

Rubis, D. D. 1979b. First Progress Report: ~eielo~ment of Guayule as a 
Domestic Source of Rubber - Phase 11. April 21. 



Sachs ,  R.  M . ,  C .  B. Low, J .  D. MacDonald, A. R.  Awad, and M. S u l l y .  1981 
Agronomic s t u d i e s  w i t h  Euphorbia  l a t h y r i s  - A p o t e n t i a l  s o u r c e  of 
nf p~troleam-like p r o d u c t s .  To appear  i n :  "Energy from Biomass 
and Wastes V , "  I n s t i t u t e  of Gas Technology. 26 t o  30 J a n u a r y ,  1981. 

Sachs,  R.  M. 1980 . .  Biomass. f o r  energy and chemical  f e e d s t o c k s  -- Agronomic 
s t u d i e s  w i t h  ~ u ~ h o r b i a  l a t h y r i s .  F i r s t  Annual Repor t ,  RP 1348-2. 
Department of Environmental  H o r t i c u l t u r e ,  U n i v e r s i t y  of C a l i f o r n i a  - 
Davis.  

Sachs ,  R.  M .  and T. Mock. 1980. Euphorbia  l a t h y r i s :  A p r e l i m i n a r y  gu ide  
t o  p l a n t i n g .  Agronomy P r o g r e s s  Report  No. 103. U n i v e r s i t y  o f  
C a l i f o r n i a ,  Davis.  

Savoye, Cra ig .  1980. Squeezing o i l  from a c r e s  of milkweed i n  Utah. Chris-  
t i a n  Sc ience  Moni tor ,  Monday, December 29, 1980. 

Scora ,  R. W .  and J .  Kumanota. 1979. E s s e n t i a l  l e a f  o i l s  of Par thenium 
argen ta tum A .  Gray. J .  Agric .  Food Chem., 27: 642-643. 

S i e v e r s ,  Rober t  J .  1980. Remaining c o m p e t i t i v e  i n  a changing i n d u s t r y .  
Rubber World 183(1) :  33-34. 

S t a f f  Repor t .  1980b. J o j o b a  seed  exper iments  on emergence show promise .  
P e t r o c u l t u r e  1: 14-15. 

S t a n g h e l l i ,  M. E. 1974. Phy toph thora  r o o t  r o t  of jo joba.  J o j o b a  Happenings 
No. 20: 4. 

. -  

S t u b b l e f i e l d ,  Thomas M.  and N. Gene Wright.  1977. Es t imated  c o s t s  and 
r e t u r n s  f o r  producing jo joba  on t h e  I n d i a n  R e s e r v a t i o n s  i n  Arizona 
and C a l i f o r n i a .  J o j o b a  Happenings 19: 3-14. 

Swanson, C .  L:, R. A. Buchanan, and F. H. Otey. 1979. Molecular  w e i g h t s  of 
, n a t u r a l  r u b b e r s  from s e l e c t e d  t empera te  zone p l a n t s .  J o u r n a l  of 
Appl ied Polymer Sc ience .  23: 743-748. 

T a y l o r ,  Kenneth W.  1951. Guayule - An American s o u r c e  of r u b b e r .  Economic 
Botany 5: 255-273. 

Texas Almanac. 1980/1981. The Encyclopedia  of Texas. The D a l l a s  Morning 
News. 

Timmono, F.L. 1946. S t i ~ d i e s  of t h e  d i s t r i b u t i o n  and f l o s s  y i e l d  of common 
milkweed ( A s c l e p i a s  s y r i a c a  L . )  i n  Northern Michigan. Ecology 
27:21.2-225. 

Tingey, D. C. 1952. E f f e c t  of s p a c i n g ,  i r r i g a t i o n ,  and f e r t i l i z a t i o n  on 
rubber  p r o d u c t i o n  i n  guayu le , sown d i r e c t l y  i n  t h e  f i e l d .  Agronomy 
J o u r n a l  44: 298-302. 

Toy, S. J. and B. C .  Willingham. 1967. Some s t u d i e s  on secondary dormancy 
i n  Limnanthes seed .  Economic Botany. 21(4) :  363-366. 

. . 



Toy, S. J. and R. C. Willingham. 1960. Effect of temperature on seed germ- 
ination of ten species and varieties of Limnanthes, Economic Botany. 
20(1): 71-75. 

Turner, Sandra ,J., Helen A. Kassandra and carol E: Wittels. 1979. Garden 
3(6): 25-29. 

U.S Water Resources Council. 1978. The Nation's Water Resources 1975-2000 
Volume I: Summary. U.S. Govt. Printing Office. Washington, D.C. 

Walker, Henry P., and Don Bufkin. 1979. ~istorical Atlas of Arizona. 
. . University of Oklahoma Press. Norman. 

Walters, P. 'R., N. MacFarlane and P. C. Spensley. April 1979. Jojoba: an 
assessment of prospects. Tropical Products Institute. 

Weihe, Don L. and Joseph J. Nivert. 1980. Assessing guayules potential: 
An update of F i i r s ~ u l l e ' ~  development, program and economic otudiesb 
Firestonc Natural Rubber and Latex Company. 

Weisz, Paul B;, Weiner 0. Ha a ~ ;  Paul G. Rodewald. 1979. C a t a l y t i c  produc- 
tion of high-grade fuel (gasoline) from biomass. compounds by shape - 
selective catalysis. Science 206: 57-58. 

Whaley, W. Gordon and John S. Bowen. 1947. Russian Dandelion (Kok-saghyz): 
An Emergency Source of Natural Rubber. U.S.D.A. Miscellaneous Publ. 
No. 618. u.s!. Govt. Printing Office, Washington, D.C. 

WhlLe, George A. 1977. Plant introductions -- a source of new crops. 
In: Crop Resources. David S. Seigler (editor.) Academic Press, 
Inc., New York. 

Whitworth, . I I ,  Wayne. 1980. Guayule research in New Mexico. Talk given at 
3rd International ~uayule Conference, Pasadena, ~alifornia. 

Wilson,.K. J. and P. G. Mahlberg. 1977. Investigations of lacticifer 
differentiation in tissue cultures derived from Asclepias syriaca L. 
Anna1.s of Botany. 14: 1049-~1,054. 

Yermanos, Demetrios M. 1974. Agronomic survey of jojoba in California. 
Economic ~otany 28: 160-174. 

Yermanos, Demetrios M. 1979. Jnjnha - A crop whose timc has come. 
California Agriculture. 33(7,8): 4-7,lO-11. 

Yermanos, D. M., 1980. Workshop entitled, Establishing a Commercial. Jojoba 
Plantation. University 0.f Califofnia Extension, November 22, 1980. 

Yokoyama, H., E. P. Hayman. W. J. Hsu, S. M. Poling. 1.977. Chemical bio- 
induction of rubber in guayule plant. Science 197: 1076-1077. 



ADDITIONAL LITERATURE 

Anderson, E a r l  V. August 28, 1978. Economics improving f o r  guayule  r u b b e r .  
Chemical & Engineer ing  News: 10-11. 

Anonymous. 1980a. A new, o l d  source .  Rubber World. 182: 60-62. 

~nonymous.  1980b. F i r e s t o n e  opens  p r o c e s s i n g  l a b .  Rubber World 183: 23. 

Anonymous, 1980e. The second g r e e n  r e v o l u t i o n .  Bus iness  Week. August 25,  
1980: 92D-92L. 

R a i l e y ,  H. P. 1979. Semi-arid c l i m a t e s :  T h e i r  d e f i n i t i o n  and d i s t r i b u t i o n .  
I n :  A g r i c u l t u r e  i n  Semi-Arid Environments.  E d i t o r s :  A .  E. H a l l ,  
G. H. C a n n e l l ,  and H.  W.  Lawton. Spr inger-Verlag.  New York. 

Baird ,  L e s l i e .  1980. The f u t u r e  of guayu le  rubber  a t  t h e  c r o s s r o a d s .  
Rubber World 1 8 2 ( 3 ) :  

Rassham, J. A. 1977. I n c r e a s e d  c r o p  p r o d u c t i o n  through more c o n t r o l l e d  
p h o t o s y n t h e s i s .  S c i e n c e  197: 630-638. 

Rhowmik, ~ r a s a n t a  C.  and John D. Bandeen. 1976. The b i o l o g y  of Canadian 
weeds 19. A s c l e p i a s  s y r i a c a  L. Canadian J o u r n a l  of P l a n t  S c i e n c e  
56: 579-589. 

Buch.anan, R. A. and F. H. Otey, C. R. R u s s e l l  and I. M. C u l l .  1978. Whole- 
p l a n t  o i l s ,  p o t e n t i a l  new i n d u s t r i a l  raw m a t e r i a l s .  J. o f  Am. O i l  
Chem. Soc. 5 5 ( 9 ) :  657-662. 

Rranson, F. A.,  R. F. M i l l e r ,  and I .S.  McQueen. 1976. Mois tu re  r e l a t i o n -  
s h i p s  i n  twelve n o r t h e r n  d e s e r t  s b r u b  communities n e a r  Grand Junc- 
t i o n ,  Colorado. Ecology 57: 1104-1124. 

Ca lv in ,  Melvin. unpubl i shed .  Hydrocarbons from p l a n t s :  A n a l y t i c a l  methods 
and o h s p r v a t i n n s .  Submit ted t o  Die N a t u r w i s s e n s c h a f f t e n ,  May 1980. 

C a l v i n ,  Melvin. 1978a. Green f a c t o r i e s .  chemical  and E n g i n e e r i n g  News 
March 20,  1978 56: 30-36. 

Ca lv in ,  Melvin. 1978b. Chemist ry ,  p o p u l a t i o n ,  r e s o u r c e s .  I n t e r d i s c r i p l i -  
n a r y  Sc ience  Reviews. 3: 233-243. 

C a l v i n ,  Melvin.  1976. Review A r t i c l e :  P h o t o s y n t h e s i s  a s  a r e s o u r c e  f o r  
energy  and mal:erialsl  P h y t ~ c h e m i s r y  and Photob io logy  23: 42.5-444. 

F o s t e r ,  Kenni th  E. 1980a. Environmeqtal  consequences  of an i n d u s t r y  based 
on h a r v e s t i n g  t h e  wi ld  d e s e r t  s h r u b  jo joba .  BioScience 30: 255-258. 



Foster, Kennith. 1980b. Guayule, Jojoba, Buffalo Gourd, and Russian 
Thistle: A Discussion of Plant Characteristics, Products and 
PoLentlal for Commercialization. Presented to American Institute of 
Biological Sciences/Ecological Society of, American Sytnposium on 
Economic Development of Desert Plants. 

3 
Gaines, L. L. and A. M. Wolsky. 1979. ~i-scarded Tires: Energy Conserva- 

tion Through Alternative Uses. Argonne National Laboratory 
ANL /CNSV-5. 

Gleason, Henry A. and Arthur Cronquist. 1963. Manual of Vascular Plants of 
Northeastern united States and Adjacent Canada. D. Van Norstrand 
Company, N. Y. 

Grace, N., J. Classen, and R. Watson. 1944. Extraction of rubber from milk- 
weed in Canada. Chemical Industry. N.Y. 54: 842-845. 

Grand, L. F. 1978. New hosts of Cristularialla pyramidalis in North 
Carolina. Plant Disease Reporter 62(10): 841-842. 

Greeley, R. S. 1976. Land and fresh water farming. Proceedings from the 
Conference on Capturing the Sun through Bioconversion. 

Groh, Herbert. 1943. Notes on common milkweed. Scientific Agriculture 
23(10): 625-632. 

Hall, A. E., K. W. Foster, and J. G. Waines. 1979. Crop adaptation to semi- 
arid enviranments. Tn: AericuLturc i ,n  S~rn i -Ar id  Envirunueu~s. 
Editors: A. E. Hall, G. H. Cannell, and H. W. Lawton. Springer- 
Verlag. New York. 

Hall, D. 0. 1980. Reaewab1.e resources (hydrocarbons). Outlook on 
Agricul~ure lo(?): 

Hall, Harvey ~oore. 1919. I. Chrysothamnus nauseosus and its varieties. 
University of California Publications in Botany. 7(6):159-181. 

Hall, Harvey Monroe and Thomas Harper Goodspeed. 1979b. 111. The occur- 
rence.of rubber in certain west American shruhs. I l n i ~ ~ e r s i t y  of 
California Publications in Botany. 7(8):265-278. 

Hanson,. George P. 1980. (unpublished) Genetical. improvement of guayule at 
. t h e  T,os Angsles arboretum. 

Hanson, G. P., I. Mehta, and H. H. Naqvi. 1979a. Rubber from the desest. 
. Garden 3: 28-31. 

IIiggins, J. J., Wheeler Calhoun, B. C. Willingham, D. H. Dinkel, W. L., : 
Raisler, and G. A. White. 1971. Agronomic evaluation of prospective 
new crop species 11. The American Limnanthes. Economic Botany. 
25(1): 44-54. 



Hinman, C.  Wiley, Joseph  P. Hoffmann, S teven  P. McLaughlin, and Timothy R.  
Peop les . '  1980. Hydrocarbon p r o d u c t i o n  from a r i d  l and  p l a n t  s p e c i e s .  
R e p r i n t  from Proceed ings  of t h e  1980 Annual Meet ing,  American S e c t i o n  
of t h e  I n t e r n a t i o n a l  S o l a r  Energy S o c i e t y ,  I n c .  , 

Hogan, L., C. W .  Lee, D. A. P a l z k i l l ,  and W. R .  Feldman. 1980. J o j o b a :  A 
new h o r t i c u l t u r a l  c r o p  f o r  a r i d  r e g i o n s .  HortScience 15: 114. 

T.snm, W .  H.  and G. F.  Worker. 1979. Crop management i n  semi-ar id  environ-  
ments. I n :  A g r i c u l t u r e  i n  Semi-Arid Environments.  E d i t o r s :  A. E .  
H a l l ,  G. H. C a n n e l l ,  and H.  W .  Lawton. Spr inger-Verlag.  New York. 

Kephar t ,  Susan R .  a n d - C h a r l e s  B. H e i s e r ,  Jr .  1980. Reproduc t ive  i s o l a t i o n  
i n  A s c l e p i a s :  Lock and key h y p o t h e s i s  r e c o n s i d e r e d .  E v o l u t i o n  
34(4) :  738-746'. 

K l a s s ,  Donald. 1980. Anaerobic  d i g e s t i o n  f o r  Methane:, A S t a t u s  Report .  
Proceedings  from BioEnergy 80,  World Congress and E x p o s i t i o n ,  
A t l a n t a ,  Georgia.  

Led ig ,  F. Thomas and D a n i e l  I. H. L i n z e r .  1978. F u e l  c r o p  b reed ing .  
Chemtech: 18-27. 

L ip insky ,  E. S. 1978. F u e l s  from biomas: I n t e g r a t i o n  w i t h  food and 
m a t e r i a l s  sys tems.  Sc ience  199: 644-651. 

McLaughlin, S. P. and J .  .J. Hoffmann. ( u n p u b l i s h e d )  P o t e n t i a l  of d e s e r t  
p l a n t s  t o  produce energy and pe t rochemica l s :  An energy  budget' 
a n a l y s i s .  

Miwa, Thomas K.  1980. J o j o b a  Volume 1. J o j o b a  P l a n t a t i o n  P r o d u c t s ,  I n c .  . , 
Tempe, Arizona.  

Moore, Raymnond. 1945. I n v e s t i g a t i o n s  on rubber -bear ing  p l a n t s .  American 
J o u r n a l  of Research 23 ( s e c t i o n  C): 66-73. 

Mulligail ,  C .  A. a.l-~d J .  N. P i n d l a y .  1970. ReproductJ.vo systems and c o l o n i z a -  
t i o n  i n  Canadian weeds. Canadian ~ o u r n a l  of Botany. 4 8 ( 4 ) :  859-860. 

Munz, P h i l i p .  1962. C a l i f o r n i a  D e s e r t  Wildf lowers .  U n i v e r s i t y  o f  
C a l i f o r n i a  P r e s s .  Berke ley  and Los Angeles: 

, 
Naqvi, Himayat and George P. Hanson. 1978. C e n t e r s  of h i g h  rubber  y i e l d i n g  

guayule  p l a n t s  i n  Mexico. Guayule New-sle t ter  June-July  1978. 

Naqvi, Himayat H. and George P. Ilanson. 1Y80a. Guayule p ropagar ion  and 
growth under  greenhouse c o n d i t i o ~ i s .  P roceed ings  of t h e  3 r d  
I n t e r n a t i o n a l  Guayule Conference,  Pasadena,  CA. 27-30 A p r i l  1980. 

Naq.vi, Himayat H. and George P. Hanson. 1980b. O b s e r v a t i o n s  on t h e  d i s -  
t r i b u t i o n  and eco logy  of n a t i v e  guayu le  p o p u l a t i o n s  i n  Mexico. 
P roceed ings  of t h e  3 r d  I n t e r n a t i o n a l  Guayule Conference,  Pasadena,  
CA, 27-30 A p r i l  1980. 



Naqvi, H. H. and G.  P. Hanson. 1980c. Recent advances in guayule seed 
germination 'procedure. Crop Science 20: 501-504. 

National Research Council, 1976. Renewable Resources for Industrial 
Materials. Prepared for the National Science Foundation, Washington, 
D.C. Division of Policy Research and Analysis. NTIS PB-257 357. 

Nemethy, E. K., J. W. Otvos, and M. Calvin. 1979. Analysis of extractables 
from one Euphorbia. J. of Am. Oil Chem. Soc. 56: 957-960. 

Nielsen, Peter E., Hiroyuki Nishimura, Yitmin Liang, and Melvin Calvin. 
1979. Steroids from Euphorbia and other latex-bearing plants. 
Phytochemistry 18: 103-104. 

Nielsen, Peter E., Hiroyuki Nishimura, .John W.'Otvos, and Melvin Calvin. 
1980. Plant crops as a source of fuel and hydrocarbon-like mater- 
ials. Science 198: 942-944. 

Nishimura, Hiroyuki, 'R. Philp and Melvin Calvin. 1977. Lipids of IIevea 
brasiliensis and Euphorbia coerulescens. Phytochemistry 16: 
1048-1049. 

Office of Technology ~ssessment. 1980. Energy From Biological Processes. 
Volume I1 -- ~echnical and Environmental Analyses. U.S. Government 
Printing Office. Washington, D.C. No. 052-003-00782-7. 

Paul, E., A. Rlakers, and R. Watson. 1943. The rubber hydrocarbon of 
Asclepias syriaca L. Canadian Journal of Research. 21: 219-223. - 

Picman, A. K., G.  H. N. Towers and P. V. Subba Rao. 1980. Coronopilin - 
another m j n r  sc~quitcrpene lactonc In Parthenium hysterophorus 
Phytoohcmiotry 19(10): 2206-2207. 

Pryde, E. H. 1977. Nonfood uses for commerical vegetable oil crops. - In: 
Crop Resources. David S. Seigler (editor). Academic press, Inc. 
New York. 

Radin, David N., Janet Davey, and George P. Hanson. 1980. Isozyme varia- 
tions in Parthenium and their inheritance during guayule inter- 
specific hybridization. From the Proceedings of the 3rd Inter- 
.national &ayule conference Pasadena, CA., 27-30 April 1980. 

Rasmussen, .James A .  1.975. Noncompctitivc effects of' co~uuuu mllkweed, 
Asclepias syriaca L., on germination and growth of grain sorghum. 
American Midland Naturalist. 94(2): 478-483. 

Rheineck, A. 1939. Phytochemical study of Asclepias syriaca. Linne. 
Pharm. Arch. 10: 53-64, 69-80, 93-Yb. 

Rose, Allan F., B. A. Butt, and Tibor Jermy. 1980. .Polyacetylenes from the 
rabbitbrush, Chrysothamnus nauseosus. Phytochemistry 19(4): 563-566. 



Ruffin, John. 1977. A new combination in Grindelia - (Compositae - Aster- 
aceae). Rhodora 79(820): 583-585. 

Sachs, R. M. (unpublished) Hydrocarbons for fuel from,plants. 

Shelter, Stanwyn G. and Laurence E. Skog. 1978. A provisional Checklist of 
species for Flora North America (Revised). Missouri Botanical 
Garden. 

Siddiqui, Isi. 1980. Expansion of arid land crops needed. Petroculture 1: 
12-13. 

Sloane, Rob and Jeff Kazansky. 1980. Desert whole jojoba. Jojoba Happen- 
ings 31: 5-7. 

Staff Report. 1980a. Cuayu1.e - Interest moves ahead as energy difficulties 
mount. Pctroculture 1: 26-27. 

Tipton, J. L. and J. P. Stone. 1980. Establishment of experimental plots of 
guayule (Parthenium argentatum Gray) at El Paso and Pecos, Texas. 
Phase 11. Texas A&M Research Foundation. 

Townsend, Stuart. 1979. The Social Opportunity Cost of Capital: . Empirical 
Estimates. Argonne National Laboratory. ANLISPG-2. 

Tysdal, H. M. 1980. Prospects for guayule improvement. El Guayulero 2: 3-6. 

Whitworth, .T. W. 1981. An outline of guayule research currently being 
carried out at New Mexico State University, Agricultural Experimen- 
tal Staton, Los Cruces, New Mexico. 

Wilson, K. J. and P. G. Mahlberg. 1980. Ultrastructure of developing and 
mature nnnarticulated laticifers in the milkweed Asclepias syriaca L. 
(Asclepiadaceae,). 

Woodson, R. E: 1954. The North American species of Asclepias L. Annals of 
Lhe Missouri Botany Garden. 41: 1-211. . 

Worthington, E. Barton. 1976. Arid Land Irrigation in developing countries. 
Based on the International Symposium, 16-21 February 1976, 
Alexandria, Egypt. Pergamon Press. New York. 

Wyse, D. L., and 0. E. Strand. 1979. American Germander (Teucrium 
canadense) control in corn (Zea -- nays). Weed Science 27(6): 615-618. 

Yrrnlanos, D. M., L. E. Frsncois, .and 7'. Tan~madoni. 1367. Effects of soil 
salinity ia the development of jo joba. ~conomic Ro tany 21 : 69-80. 



PERSONAL COMMUNICATIONS 

Michael Alder ,  P l a n t  Resources I n s t i t u t e ,  S a l t  Lake Ci ty ,  Utah 

D r .  Ilugh Bo l l i nge r ,  P l a n t  Resources I n s t i t u t e ,  S a l t  Lake C i ty ,  Utah 

D r .  Melvin CaJvin, u n i v e r s i t y  of C a l i f o r n i a ,  Berkeley, C a l i f o r n i a  

J. M. Crane, Oregon S t a t e  Un ive r s i t y  

D r .  Pe t e r  Fe lke r ,    ex as ' A&I, K i n g s v i l l e ,    ex as. 
. . 

D r .  L. L. Gaines,  Argonne Na t iona l  ~ a b o r a t o r i e s  

Dr . .  J. R. Goodin, Texas Tech Un ive r s i t y ,  Lubbock, Texas 

S. S. Groe t ,  B a t t e l l e  Labora to r i e s  

~ a & e n c e  H a l l ,  F e d e r a l  Emergency Management Agency, Washington, D. C .  

U r .  George Hanson, Los Angeles County Arboretum 

Chip Hines,  Federa l  Emergency Management Agency, Nat iona l  Defense S tockp i l e  
D iv i s ion ,  Washington, D.C. 

D r .  Duane Johnson, Un ive r s i t y  of Arizona, Tucson, Arizona 

u r .  Jack Jo l~nson ,  U n i v e r s i t y  of Arizona, Tucson, Arizona 

D r .  John Lawrence. Goadyear, Akron,  Ohio  

C .  B. Low, U n i v e r s i t y  of C a l i f o r n i a ,  Davis,  C a l i f o r n i a  

D r .  T. Marciniak,  Argonne Nat iona l  Labora to r i e s  

D r .  Cyrus M. McKell, Utah S t a t e  Un ive r s i t y ,  Logan, Utah 

D r .  Steven McLaughlin, Un ive r s i t y  of Arizona, Tucson, Arizona 

M .  M i l l a r ,  Argonne Na t iona l  Labora to r i e s  

D r .  Thomas Kanje Miwa, Miwa Jojoba T,ahnratnries,  Tempe, Arioona 

Bob Morozek, Fede ra l  Emergency Management Agency, Washington, D. C.  

B r i an  Motts ,  Bohemia Company, Eugene, Oregon 

Joseph J. N ive r t ,  F i r e s t o n e  Na tu ra l  kubber and Latex Company, Akron, Ohio 

D r .  David P a t z k i l l ,  Un ive r s i t y  of Arizona, Tucson, Arizona 

D r .  Timothy Peop le s , ,  Un ive r s i t y  of Arizona, Tucson, Arizona 



D r .  Eloy Rodriguez, Un ive r s i t y  of C a l i f o r n i a ,  I r v i n e ,  C a l i f o r n i a  

D r .  Roy M. Sachs,  Un ive r s i t y  of C a l i f o r n i a ,  Davis, C a l i f o r n i a  

G .  B. S t e r n ,  Connecticut Municipal E l e c t r i c  Energy Cooperat ive,  Groton, 
Connect icut .  

D r .  ~ i m m i k  Tipton,  Texas A&M Research Center, .  E l  Paso, Texas 

A. Warren, F i r e s tone  Natura l  Rubber & Latex Co., Akron, Ohio 

D. G. Wise, F i r e s t o n e  Natura l  Rubber & Latex Co., Akron, Ohio 

Richard,Wheaton, U.S. Department of Agr i cu l tu re  Domestic Rubber Program, 
Washington, D.C. 




