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SUMMARY 

This  technology assessment of Mexican guayule rubber 

comme rcial�zation reviews wor ld and Mexican elastomer consumpt ion and 

production , technical data on Mex ican guayule wildstands , harvest ing , 

guayule farming and processing ;  outlines two poss ible commerciali zation 

scenar ios and analyzes potential impacts ; reviews prospects for guayule 

commercialization; and analyzes federal policy related to a potentia l 

guayule indus try. 

Overview of Elastomer Consumpt ion and Production 

In recent years natural rubber has fi lled an increas ing pe rcentage 

of the worldwide demand for elas tomers . Much of the increase is due to a 

greate r market for rubber products in wh ich natural rubber is  an 

i ndispens ible component , especially radial ti res and large commercial 

vehicle t i re s .  With the current economic downturn , there has been a 

decrease in natural rubber consumption , an accumulation of rubber stocks , 

and a concomitant decrease in rubber pr ices . However ,  even with lowered 

world rubber demand proj ections , if  natural rubber ma inta ins its cur rent 

3 0  pe rcent share of the world elastomer marke t ,  natural rubber demand i s  

projected to exceed production significantly i n  the late 1980s . The 

natural rubber shor tage i s  expected to continue through the end of the 

century . 

The rubber products industry i s  expected to be extremely dynamic . 

Mexican consumpt ion of natural rubber is  projected to grow at about 6 to 

10  percent annual ly for the rest of th is century . Because near ly all 

natural rubber is  impor ted , this creates a large flow of money out of 

Mex ico . Synthet i c  rubber production in Mexico i s  projected to grow at an 

annual rate of 8 to 10 percent , closely match ing domestic synthe tic 

rubber consumpt ion . 

Guayule Technology 

Guayule grows abundantly throughout much of Mexico ' s  Northern Ar id 

Reg ion in the area usually des ignated as the Ch ihuahuan Dese r t .  Guayu le 
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grows best on rocky footh ills below 7 , 000 fee t .  Th is area i s  

char acter ized by low mean annual rainfall , often a s  little a s  8 inches , 

very hot summers , and cool winter s .  Deep roots and other water 

conse rving adaptations al low the plant to grow in the hot and dr y 

seasons . Thi s strategy of competing effect ively for water and nutrients 

enables guayule to exist or thr ive after it  is  establ ished , but the plant 

i s  not an effective invading or coloniz ing spec ies . 

Guayule has a long h is tory of commercial use and study . Pr ivate 

companies have ma intained records of harvests since the ear ly 1900s . 

Although large guayule s tands occur in central Coahuila , most of the 

commercial act ivi ty deve loped in nor the rn Zacatecas and southern 

Coahuila . Overharvest ing guayule populations , along with a shr inking 

market , contr ibuted several t imes to declines in the fluctuat ing guayule 

indus try.  Regrowth of natural stands ove r a span of a decade or more and 

a revived natural rubber market resurrected the guayule indus try . 

In the 1970s the National Commiss ion on Ar id Lands and the Nationa l 

Inst itute for Forestry Research initiated major inventor ies of guayule 

standing b iomass and studies of potential susta inable harves t .  Recent 

effor ts centered on northern Zacatecas . Much is  now known about the 

distr ibution , abundance ,  and ecology of guayule , but differences in early 

repor t ing procedur es and the technical difficult ies of measur ing 

population parameters have produced a wide range of var iation of biomass  

and yield est imates . 

With the declared federal government pol icy of maintaining renewable 

natural resources , analys is of guayule populations for commercial use has 

concentr ated on potent ial b iologically sustainable and economically 

feas ible harve s t .  Est imates of susta inable yield in the Mazapil Region 

have var ied widely. H igh estimates indicate that stands are more than 

adequate to support indef in itely a 5 , 000  metric tons of rubber per year 

process ing plant ; the low estimate pr edicts that producing 5 , 000 tons of 

rubber per year would exhaust local populations with in about 8 years . 

Deta iled monitor ing and population ecology studies dur ing harvest are 

recommended to de termine more accurate ly populat ion characteristics. 
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The state of guayule technology development for sustained wi ldstand 

harvest ing , dryland farming , and shrub process ing i s  summar i zed in Figure 

1 .  Each level of knowledge or technology indicated in the figure i s  

l inked to a n  action needed to car ry that item toward the level o f  

development that would allow guayule commerciali zat ion to occur . The 

necessary actions are s umma r i zed following the figure . 

Figure I shows that most elements in guayule product ion technology 

are at the s tage where demonstration projects are needed to test and 

ref ine the technology . Agr icultural dryland product ion and sus tai nable 

wi ldstand production through reforestat ion both need research and 

development . The technology of aqueous processing is well  advanced . 

Figure I indicates that the next s tep is  to operate a small-scale 

production processing plant .  

Prospects for Guayule Commercialization 

Comme rcial production of guayule in Mexico will depend on government  

suppor t ,  which i n  turn depends on  numerous pol itical and economic factors 

wh ich will inte ract with the technical ,  agronomic , social , and economic  

aspects of  harvesting , g rowing , and proces sing to  determine the course of 

commercialization . 

Forces operat ing to promote commerciali zat ion of g uayule include 

stated federal goals and plans ; reg ional deve lopment programs ; and 

governmental and academic research programs . 

Forces that could constrain guayule commercial ization are the 

economic uncerta inties of the program and its federal funding bas e ;  the 

chang ing def inition of development agencies and potential conflicts 

between them; land use and land tenure confl icts ; incomplete planning at 

the national and reg ional leve l ;  and envi ronmental concerns . 

Scenar ios for the Future 

Two development scenar ios are proposed to represent feas ible 

alternat ives for developing a Mexican guayule industry : Scena r io A i s  
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(1) Economics of seedling 
production needs 

refinement 

(2) Agricultural costs 

need field 

demon stration 
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Act ions Needed at Di fferent Levels of Development 
to Achieve Commercialization 

Levels of Knowledge/Technology 

Known/Operational 

Needs Ref inement 

In Development 

To Be Developed 

Unknown 

Source : Fos ter , et  al . ,  1980 

Actions Needed to Achieve 
Commercialization 

Form Commercial ization Li nkages , 
Provide Assurances 

Support Demonstration/Pilot projects 

Support Appl ied Research and 
Development projects 

Support Bas ic Research 

None Possible 

based on harvesting wildstands of guayule to produce 5 , 0 00 me tr ic tons of 

rubbe r pe r year and is  motivated by social needs 1 Scenar io B assumes 

cultivat ion of guayule in extens ive dryland farming operations in order 

to mee t  one-third of Mexico ' s  natural rubbe r demand . Maximum annual 

rubber production under Scenar io B will be about 45 , 000  me tric tons . The 

scenar ios are designed to give a structure from which to general i ze 

regarding poss ible impacts of comme rcial guayule development and 

resultant policy confl icts and pol icy needs . The scenar ios share a set 

o f  s tate-of-soc iety and rubbe r market assumpt ions , but each is  

constructed around a un ique set of sociopol it ical and guayule technology 

assumpt ions . 

Zacatecas . 

Both scenarios are set in the Mazapil reg ion in northern 

The area was chosen because impacts resulting from 

development there , one of the most  marginal and economically depressed 

areas in northern Mex ico , should represent impacts from developing 

guayule in nearly any part  of the guayule zone . These two scenar ios 

present small-scale and large-scale development pos sibilities and form 

bounds to the range of development poss ibili ties . Impacts and pol icy 

opt ions relevant to new cond it ions can be inferred from this assessment . 
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Impact Forecast of Guayule Commercial ization 

Efforts we re concentrated on dete rmining guayu le commercialization 

impacts on the Mazapil reg ion of northern Mexico . The Mazapil area has a 

history of comme rc ial use of guayule , and since it  possesses both 

wi ldstands of guayule and the work force necessary to harvest it , th is is 

a l ikely place for guayule development to occur . 

The Mazapil reg ion encompasses  an area of about 20 , 0 00 square 

k i lometers ( 7 , 7 2 5  square m i les)  and includes four munic ipios in the state 

of Zacatecas and one in Dur ango . The 1970 popula tion of 60 , 000 decl ined 

by 0 . 1  pe rcent by 1977 . In gene ral the region is  character i zed by low 

i ncome , few economically rewarding opportunities , substandard hous ing , 

few bas ic community services in educat ion and health care , and h igh rates 

of outmig ration . 

Most activi ties in the reg ion involve natural resource exploitat ion . 

Impor tant econom ic sectors include desert  plant collect ing , her ding goats 

and sheep, small-scale agr iculture , and mining . Substant ial income is  

sent or brought back by workers who have migrated temporar i ly outs ide the 

reg ion to a Mex ican city or to the United States . Working pr ima r i ly as 

fami ly product ion units , many of the res idents engage in several seasonal 

par t-t ime economic activities throughout the year as i t  i s  only through a 

combination of these act ivi t ies that the fami ly can mainta in itself . 

Social impacts : Guayule industry deve lopment in the Mazapil reg ion 

will generate new employment oppor tuni ties result ing in direct and 

i ndi rect economic benefit to res idents of the are a .  Guayule 

commercializat ion will be especially important to the groups that depend 

most heavi ly on harvest ing native plants . 

Because the re i s  a mixed land tenure with both ejido (peasant 

collect ive) and pr ivate land in the reg ion , opt imum use of the wildstands 

will requ i re ag reements between landholder s .  R�forestat ion and 

improvement of wildstands could create conf l icts among ej idos and between 

ej idos and pr ivate landowners  regarding who will benefit from these 
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programs . Intens ive reforestat ion of wilds tands and farming on new land 

may dramatically affect land use patterns and land tenure . 

A new law , the Ley de Fomento Agropecuar io (LFA) , if implem.ented , 

would faci"li tate assoc iations of ej idatar ios (members  of peasant 

collective s )  with pr ivate landholders and could aid guayule 

commercializat ion . Cr i tics of the law point out that it could encourage 

e j idatar ios to rent the ir lands , hire out the ir labor , and curta i l  small-

scale farming . It appears that guayule development would alter reg ional 

demographics although not enough data are avai lable to say prec isely what 

form th is impact might take . 

Guayule development will probably affect migration . The dec i s ion to 

migrate into or out of the Mazapi l or rema in in the area is  es sen�ially a 

dec is ion made by fami ly production uni ts and is  based upon job 

oppor tunities and income . It  is  poss ible that the numbe r of people 

attracted to the reg ion by the new job oppor tunities of a guayule 

industry could exceed the number of j obs ava i lable . Other deve lopments 

in the area may drastically alter the labor pool . The rapid expans ion of 

the industr ial sector in Salt illo , especially the opening of General 

Motors  Corporat ion and Ch rys le r Corporat ion automobi le plants , could lure 

many potential guayule workers from the Mazapil reg ion . 

The guayule prog ram could increase , decrease , or not alter migration 

patterns . It is probable that the programs under both scenar ios wi ll  do 

all of these to diffe rent degrees in diffe rent areas . The net effects on 

migrat ion cannot be predicted . 

Under Scenario A ,  impacts on small-scale agri culture , nat ive plant 

harves ting , or lives tock herding would be minimal . A se r ious potential 

problem l ies in the uncertainty of a long-term shrub supply . 

Ove rharvesting contributed in past  decades to the demise of a guayule 

i ndustry and could do so again without monitor ing and harvest . control . 

Development under Scenar io B could be detr imental to agr iculture , nat ive 

plant harvesting , and poss i bly to herding (mainly due to competition for 

land , labor , and resource s ) . Impacts in the mining indus try would be 

xx 



minimal under e i ther scenar io . Bagas se-der ived for age could offset 

grazing land los s .  Potential impacts include conflict for land and labor 

w i th the Mexican Food System ( SAM) and with nat ive plant indus tries . 

Many potent ial impacts are not unique to the guayule program but 

result from any subs tantial development in a rural setting . Development 

changes the rural nature of the reg ion by improving communicat ion , 

br ing ing new ideas and people into the reg ion , and concentr ating 

population . In general , guayule deve lopment should di rectly raise the 

standard of living in the reg ion by creat ing new jobs , however ,  indi rect 

benefits of infrastructure development may be real ized by othe r 

government reg ional development programs , especially those of COPLAMAR. 

An especially diff icult problem in a development prog ram is  to assure 

that the target populat ion benef its most from the program.  I t  is  common 

for another g roup , in this instance the rural elite , to benefit  

d isproportionately , resulting in a greater income dispa r i ty between the 

target group and others than previous ly exi sted . 

Environmental impacts : Several 

environmental impacts we re ident i fied . 

major 

Under 

areas of 

the broad 

potent ial 

umbrella of 

desertification there are dangers of overharvesting the natural stands , 

largely through incomplete knowledge of max imum poss ible sustainable 

harvest of guayule shrub : drought caused crop fai lure leading to soi l 

e ros ion : and concentrat ion of land use in sensit ive areas . Exces s ive 

wildstand shrub harvest may be averted by careful study and moni tor ing , 

but h igh rainfall var iab i l i ty and the pre sent stage of development of 

dryland farming technology create an unknown , but possibly substantial , 

r i sk of crop fai lure , wh ich exposes cleared land to weathe r ing and 

e ros ion . 

The process of trans forming shrub into rubber and byproducts creates 

seve r a l  potential sources of pollut ion and health r isks . The solvents  

u sed a re  flammable and toxic , and the proces s water waste is  caustic . 

Treatment of caus tic water is  poss ible and will be econo�ically necessary 

for a profitable operation . Proper eng ineering can mainta in the amount 

of solvents escaping into the atmosphere at a very low , non-hazardous 

level . 
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Harvesting and processing create some health and safety r i sks to the 

wor ker s .  Res ins in guayule are i r r itat ing and slightly caustic . 

Harvesters will need protect ive clothing . Harvesting will involve the 

use of cutting and bai ling machinery that could inj ure workers . Numerous 

potent ial s�fety hazards exist in the processing plant : 

boiling water , and cutting and pressing mach inery . 

procedures properly carr ied out wi ll  minimize dange r s .  

toxic chemicals , 

Good safety 

Impact workshop: Representat ives of the federal , state , and local 

governments and research institut ions partic ipated in a workshop in which 

they dete rmined what they bel ieved to be the pr inc ipal areas of impact of 

a wi lds tand harvest program in the social , economic , environmental , and 

pol it ical sector s and established the order of impor tance of the impacts 

for each area . The attendees cons idered the guayule program to have 

strong pos i tive economic benef its , mixed but slightly pos it ive soc ial 

benef i ts ,  and strong negative environmental impacts . 

Impacts on a nat ional scale : A wi lds tand harvest program would have 

l i ttle impact beyond the reg ion . Large-scale guayule farming would 

involve federa l ,  state , and local governments as well as many industr ies . 

Operation and the success of the guayule industry at a large volume 

ope rat ion could greatly advance the process of reg ional development and 

federal gove rnment decentral izat ion �  fai lure of the industry could 

ser iously set back both effor ts . 

Policy Analys is 

Thi s  analys is focuses on public pol icy i ssues that might accompany 

guayule agroindustr ial development and on the agenc ies and groups that 

shape , implement , and endure pol icy in Mexico . 

poli tical context in which development can 

The social , economic , and 

occur are defined . The 

chapter examines current policies from a nat ional and a regional 

pe rspect ive , and then identif ies interest groups , c r i tical quest ions 

underlying the main emergent i ssues , and existing legal instruments . Th i s  

examination reveals pol icy needs , pol icy confl icts , and institut ional 

problems that might stimulate , accomodate , or restr ict commercial ization . 
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A br ief analys is of organizational structure presents poss ible options 

for a guayule agroindustr ial sys tem. The general approach to the analys i s  

i s  graph ically shown below . 

TECtWOlOOK:Al 
FORECA8TS· 

8CENARtO A 
8CENAAtO 8 

80CET At IDeIET At 
VALUES OOALS 

Pol icy Context 

INTEREIT GROUPe 

EX.'1tO POlICE' 
... TrTUTIONAL PROBLEMa 

POLtCY COHfUClI 

POLICy NEEDS 

SOCIAL. ECONOMtC 
POLlTtcAl CONTEXT 

Mexico i s  a country characte r i zed by centralization . Histor ical and 

cultural precedents have contr ibuted s trong ly to a central i zed polit ical 

s tructure suppor ted by a concentration of weat1h , population , educational 

and scientif ic ins titutions , planning for / national and reg ional 

development and the ult imate concentration of polit ical power in one 

political par ty and one pres ident . Recent administrations have all tr ied 

to resolve the fundamental conf l ict  be tween the perce ived need to 

decentralize the federal gove rnment and the need to coordinate a multi tude 

of over lapping and sometimes conf licting programs and projects . 

The Global Development Plan forged by the Lope z-Porti llo 

administration has gu ided development . I t  is  a schema of centralized 

planning to gu ide expans ion of heavy industry and o i l  and gas exploration . 

A subs tantial amount of the income der ived from pe troleum is  to be used 

to generate employment and s t imu late natural resource development among 

marginal groups and in economically depressed regions . Some of the most  

impor tant national leve l pol icies that may affect the format ion and 

operat ion of a guayule agro indus try are : 

• Agr icultural Promotion Law ( LFA) ; 

• Food Production Pol icy , especially the Mex ican Food Sys tem (SAM) ; 

• Agroindustrial Development Plan; 

• Nat ional Plan for Industrial Development ; 
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• Nat ional policies for strateg ic mater ials ( impl ici t  within other 

policies ) ; 

• National rubber policy; 

• Employment pol icy , especially COPLAMAR : 

• Science and technology policies . 

Many of the nat ional policies are expressed directly at a regional 

level through var ious dependenc ies and delegations . Most planning and 

integrat ion at thi s  level operates through state delegation of the 

Mini stry of programming and Budge t ( SPP) and State Planning Commi ttees 

( COPLAnES)  • Policy areas that may interact s ignificantly with guayule 

agroindustry are : 

• Food production; 

• Explo i tat ion of forestry resources ;  

• I ndustr ial development; 

• Social concerns and benefits ; 

• Employment ; 

• Science and technology . 

Development of a r id and semiarid lands has been an endur ing concern 

of the Mexican government . Plans and programs have stressed land reform , 

investment , and technical assistance for these reg ions . However there 

are no expl icit regional policie s ,  no clear long-term strategies for 

development and investment in these regions ; thi s  lack has hindered the 

acceptance and implementation of proj ects such as guayule agroindustry. 

Analys is of the I ssues 

Policy analys i s  centers on the issues that arose dur ing public 

meet ings and group di scuss ions of the two scena r ios . Four policy area s 

were stud ied in deta i l :  ident if iable i s sues (and the three fol lowing 

areas as they relate to issues ) cr itical quest ions , par t ies-at-interest 

(or acto r s )  and ex i sting pol icy instruments and studies . The following 

tables , taken from the policy analys is chapter ,  compare policy 

impl icat ions at f ive levels in each scena r io (Table 1) and summa r i ze 

policy needs and potential conflicts for each i ssue in Scenar ios A and B 
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( Tables 2 and 3 ) . pol icy needs and potential pol icy conflicts we re 

deduced from the de ta i led s tudy . 

One of the central is sues that emerged from the pol icy analys is  is  

the organi'zational structure of  the guayule agroindustr ial 'system 

( SAIG) . Figure 2 summar i zes some of the structural options for 

organi z ing SAIG . Management may be composed of the six  elements at the 

top which di rect and integrate the activi ty of the three sectors in the 

produc tive cha i n .  Figure 3 shows a suggested leve l o f  control/r i s k  in  

e ach sector for Scena r io A and Scenario B .  
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LEVEL 

ECONOMIC 

SOCIAL 

POLITICAL 

Table 1 
COMPARISON OF SCENARIO A AND B 

POLICY IMPLICATIONS 

SCENARIO A 

Economic aspects are fundamentally region
al, included within the economic develop
ment policies for marginal regions. Eco
nomic objectives generate income and 
increase regional output through produ
ction of small quantities of rubber 
(5,000 tons per year). Policies include 

occasional subsidy. spp, CONAZA, and 
other dependencies such as COPLAMAR will 
be key agencies. 

Strong social orientation seeks to in
crease employment, raise income, canal
ize direct benefits, promote indirect 
social benefits, and promote organiza
tional capacity to innovate and plan, 
especially reforestation, transporta
tion organization and harvesting. 
Could be an element of a more complete 
regional development plan where 
guayule exploitation initiates a chain 
of actions to generate income and em
ployment and attracts inve'stment. 
Important roles for COPLAMAR, CONAZA, 
CONASUPO, IMSS. 

Probable development of guasi-govern
mental organiZation with integral 
control over supply, processing and 
distribution. Predominant influence 
of existing local political organiza
tions could inhibit transfer of polit
ical controls and diffusion of innova
tion needed to increase and maintain 
productivity; many policy interactions 
With instuments such as the Agricul
ture Promotion Law are unclear. 
Need: policy clearly defining inSti
tutional roles, and instruments to 
promote organizational innovations 
and renewable resources policies. 
Important roles for the PreSident, 
State Planning Committees, state 
governors, SPP. At the regional 
level, CONAZA, FONCAN, SRA. SARH, 
CNC/PRI will be important, as well 
as peasant organizations (CNC/PRI) 
and opposition parties. 

XXVI 

SCENARIO B 

Economic aspects are fundamentally nation
al, immersed in the national policy for 
natural rubber supply. Seeks regional 
economic specialization through cultiva
tion of guayule and large-scale production 
of significant quantities of natural rub
ber (50,000 tons per year). Includes 
national price and tax policies, forma
tion and implementation of a National 
Rubber Policy concerning guayule, hevea 
and synthetic polyisoprenes. Roles of 
SEPAFIN, SPP, Banrural and SARH will be 
important at this level 

Profound changes and innovation throughout 
the scenario: gradual increase in mecha
niZation and technical sophistication in 
cultivation and industrial processing. 
Need social organization in productive 
units with consequent social constraints. 
Promotes larger rural settlements and 
increases internal and external migration. 
Need for clear and well-coordinated public 
service policies, especially 'health and 
regulation of commerce. Important roles 
for the same general actors in Scenario A. 

Close links with national policies, 
especially industrial development and 
commerce; eventually tied to potential 
changes in federal policy toward trans
national rubber companies. Serious con
flicts among guayule, livestock, and 
food crop-producing actors and policies 
supporting them. Definite displacement 
of political organizations' renewable 
resources activities. Need for a clear 
policy framework for agro-industry and 
intensification of highly technical pro
ductive units. Most active participants: 
the President, industrial development 
groups, SEPAFIN, SPP (including COPLADES), 
SARH, Chamber of Rubber Producers and 
Consumers, SECOM, SRA, SAM, FIDHULE, 
labor unions (CTM and others), peasant 
organizations (CNC) , and small property 
owners (CNPP). 



LEVEL 

ENVIRON
MENTAL 

RESEARCH 
AND 

DEVELOP
MENT 

COMPARISON OF SCENARIO A AND B 
POLICY IMPLICATIONS 

SCENARIO A 

$trict organization control required to 
reduce ecological risk of deforestation 
and to assure resource sustainability. 
Need 7-10 year plan. without replanting 
programs, resource economic availability 
will diminish. The requirements greatly 
limit the type of organization and sys
tem required. Need: integrated exploita
tion system for the principal economic 
activities (plant, harvest, livestock 
heading, farm�ng). monitoring and con
trol of processing wastes. Important 
actors: guayule organizations, FONCAN, 
La Forestal, ejiditarios, small land 
owners, SARH, SSA, environmental re
search institutes and research centers. 

Needed: studies oriented toward opti
mizing harvests to assure sustainable 
yields. monitoring guayule populations. 
reforestation plans. Management over
sight to coordinate sectors of guayule 
production, processing, and transpor
tation will be important. Scenario A 
project size will permit internal 
R&D. this to be conducted by exist
ing research centers. Principle 
research organizations involved will 
include CONAZA, CONACYT, CIQA, INIF, 
and SPP. 
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SCENARIO B 

Scenario initiation through �ildstand 
exploitat�Qn requires a policy of resource 
maintenance via revegetation. Proposed 
guayule farming activities require studies 
of erosion control methods, since clearing 
thousands of hectares of erosion-suscep
tible land is envisioned. Policies and 
plans for land clearing, erosion control, 
and combating desertification should fol
low these studies. Needed policies in
clude controls of water use and pollution 
associated with guayule farming and proc
essing. Planning policies will be re
quired for nursery establishment and 
maintenance of genetic diversity. Im
portant roles for the same actors as in 
Scenario A, but with greater involvement 
of research institutions 

Intensive research programs in nursery 
irrigation and dry 1 and cultivation. 
genetic improvement. use of bioregulators. 
machi�ery development; and innovative plans 
for increasing guayule product to be estab
lished. Industrial process innovation 
will require research, especially in 
optimization of material and water use. 
utilization of wastes. and identifying 
uses and markets for resin products. 
Scenario's magnitude will require inten
sive R&D efforts through establishment 
of professional research units concentra
ting on guayule agronomics, cost reduc
tions, optimization of soil and water use. 
Needed: long-term plan with fixed goals; 
participation of institutions specializing 
in various aspects of guayule development. 
Principle agencies and research organiza
tions should include CONAZA, CONACYT, 
CIQA, SARH, INIA, CIANOC and SPP. 



Table 2 

POLICY NEEDS AND POTENTIAL POLICY CONFLICTS 
SENARIO A 

A. Economic Feasibility 

Conflicts .may result from natural resource 
policy shifts (from subsidy to self-suffi
ciency) • 

Federal assistance programs may conflict 
with private industry desires and oper
ations. 

B. Regional Economic Development 

Create a program to implement, manage, 
and monitor guayule program as part of 
a regional natural resource-use program. 

Competition among agencies over priori
ties and management of regional develop
ment programs. 

Clear definition of how regional 
development programs and LFA will 
be implemented. 

Integrated regional investment policy. 

C. Distribution of B enefits 

Federal/private disagreement over where 
benefits should flow. 

Need a Collective Work Contract 

D. Structure and Capability of the Guayule 
Organization (SAIG) 

Presidential Decree: Recommendations 
for SAIG defining involved parties and 
their responsibilities and goals. 

E. Institutional Conflict/Coordination 

Resolution of roles of private/fed
·eral sectors in planning, implement
ing, and operating SAIG. 

Policies for integrated management 
of forestry resources. 

F. Integrat�on of Guayule With Other 
Natural Resource Activities 

Coordination of natural resource 
development program. 

Promotion of natural resource 
industries in ways that are detri
mental to other such industries. 
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G. Land Tenure 

Conflicts among land owner�, land 
holders, and federal agencies over 
implementing LFA and guayule program. 

H. Migration, Manpower and Employment 

Coordination of guayule program objec
tives and campesino needs for job 
security, and adequate wage levels. 

I. The Role of Labor Organizations 

J. 

Integration of workers' activity in 
wild plant harvest and representation 
of industrial workers. 

Collective Work Contract. 

Competition among labor organizations 
for representation on SAIG. 

Infrastructure Development 

Regional development plan integrating 
SAIG and infrastructure support. 

competition among federal agencies and 
programs for funds. 

K. Environmental Pollution 

Definition of health and safety standards 
for harvesters and industrial workers. 

Economic feasibility of guayule program 
conflicts with cost of implementing 
health and safety standards. 

L. Ecological Concerns 

Create a sustained yield guayule harvest 
program based on monitoring of resources 
and a reforestation program. 

Conflict between goals of SAIG and resource 
and environmental protection laws (due to 
technological or ecological limitations) 
of harvest and reforestation program. 

M. Management of Water Resources 

Competition for water--human consumption 
or food production versus for guayule 
production. 

N. Science and Technology Capability 

NO policy conflicts foreseen 



Table 2 
POLICY NEEDS AND POTENTIAL POLICY CONFLICTS 

SCENARIO B 

A. Economic Feasibility 

Conflicts regarding devaluation and 
excha�ge. related to the price of im
ported natural rubDer. 

Conflicts between international rubber 
stockpiling policies and internal Mex
ican rubber pricing policies. 

Need for national rubDer plan that 
addresses rubber prices. subsidies. 
taxes on domestic and imported rub
ber and differences in production 
costs of hevea. guayule. and synthet
ic rubber. 

Need for coordination of financing 
for production and processing sec
tors. 

B. Regional Economic Development 

Conflicts between price guarantees 
for guayule and food crops. 

Need to consider policies regulating 
minimum wage for industrial work out
side urban areas and minimum wage for 
non-industrial work. Need for indus
trial wages in rural areas. 

Conflicts between guayule production 
and processing wage policies. 

Possible need for regional planning to 
govern conflicts for guayule develop
ment among states/regions. 

C. Distribution of Benefits 

Conflicts between national guayule 
rubber development policies and 
regional policies for development 
and social programs such as 
COPLAMAR. 

Need for profit distribution policy 
to apply to agricultural and proc
essing sectors in the guayule devel
opment program. 

D. Structure and Capability of Guayule Organiza-
� 

Presidential decree needed to establish 
SAIG. 

In the absence of SAIG. conflicts 
between policies for agricultural 
and industrial development. 

XXIX 

E. Institutional ConflictS/Coordination 

Conflicts between planning policies 
at different governmental levels 
e.g. COP LADES vs. National Rubber 
Plan. 

F. Integration of SAIG with other Renewable 
Natural Resource Activities 

Conflicts between guayule development 
policies and existing rangeland Lmprove
ment policies. 

Conflicts between guayule development 
policies and ixtle and candellia poli
cies. 

G. Land Tenure 

Conflict between policy expressed by 
the LFA and the Agrarian Reform Law 
expressing the traditional support 
for agrarian ideals. 

Possible need to enforce the intent 
of the LFA to increase production 
without abandoning the ideals of 
agrarian reform. 

H. Migration. Manpower. and Employment 

Possible need to adapt COPLAMAR employ
ment policies to the new policies cre
ated by SAIG. 

I. The Role of Labor Organizations 

Conflicts may develop among labor 
organizations for political control 
of guayule labor groups. 

J. Infrastructure Development 

Possible competition among agencies 
with existing development programs 
like PIDER (Projects for Development 
in Rural Areas). and SAIG for funds 
and authority to operated in the rural 
area . 

K. Environmental Pollution 

Need to enforce existing laws con
cerning environmental pollution. 

L. Ecological Concerns 

Need to address desertification. 
(Policies emerging from IPES [InstL

tute for Political. Social. Economic 
Studies] to define ecological protec
tion of Mexico's natural resources 
may meet this need.) 



POLICY NEEDS AND POTENTIAL POLICY CONFLICTS 
SCENARIO B 

M. Management of Soil and Water Resources 

Need to integrate management of SAIG 
agr�culture w�th policies of SARH and SAHOP 
to limit water use and define permissible 
uses in the reg�onal water districts. 

N. Sc�ence and Technology Capability 

Need for a research and development policy 
that includes INIA, INIF, ClQA, and regional 
universities. 

O. National Economic and Industrial Development 

Same conflicts and policy needs as for 
Regional Economic Development (B). 

P. National Rubber plan 

Need for a national rubber plan. 

xxx 

Q. Competition with Food Production 

Possible conflict of SAIG polic�es pro
mot�ng guayule rubber production and 
SAM policies and other policies that 
support food product�on through price 
supports and indirect subsidies of 
agricultural production supplies. 

R. United States Interest in Mexican 
Guayule Commercialization 

Possible policy conflicts in Mex�co due 
to desires or perceived desires of 
multi-national corporations to 
invest in guayule rubber production, 
and concern that the United States 
Department of Defense will wish to 
acquire Mexican guayule rubber. 
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I .  INTRODUCTION 

Rubber has become a key element in transportation , agr icultu re , and 

industry and l iterally keeps modern economies rolling . The rubber tree 

( Hevea brasi liensis)  and the guayule shrub ( Par thenium argentatum) are 

the only major biotic sources of rubber , but i t  is  Hevea upon which the 

rubber products industry currently relies for i ts supply of natural 

rubber . However , rubber from the two species i s  very s imilar in quality ,  

and for most uses guayule rubber i s  directly interchangeable wi th hevea 

rubber . 

Mexico contains extens ive wildstands of guayule . In addi tion, the 

plant could also be plantat ion grown to y ield commercial quanti ties of 

h igh quality rubber at a pr ice potentially compe ti tive with hevea rubber 

or synthetic ci s-polyi soprene . 

Approximately 50 percent of the two million square k i lome ters  of the 

land area of Mexico i s  arid  or semi-ar i d .  In the two nor thern deserts 

( the Chihuahuan Deser t and the Sonor an Desert) , the scarcity of water and 

the harshness of the climate are such that a substantial proportion of 

the population in rural area s  l ives at the subs istence leve l .  Many 

peasants migrate temporar i ly or permanently to surrounding ci ties or the 

uni ted s tates in search of employment or higher wages . 

The development of a Mex ican guayule industry i n  Mexico ' s  nor thern 

a r id regions would cr eate an economic base and promote a more stable 

local economy where unemployment i s  high and j ob potential i s  limi ted. 

But, harvesting native s tands or development of plantations could have 

profound and widespread effects on the social and economic fabr ic of the 

regions in wh ich guayule i s  grown and processed . 

An increasing number of organizations and individuals throughout the 

wor ld , but especially in Mexi co and the Uni ted s tates , are studying the 

technology of growing and proces s i ng guayule . However ,  except for one 
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technology assessment ( TA) ( Foster et al . , 1980) , l i ttle attention has 

been pa id to the soc ial , economic , and pol itical consequences of fur ther 

developing . these technolog ie s .  The object ive of th i s  study has been to 

per form a comprehens ive technology assessment of the e ffect of guayule 

commercializat ion in Mex ico. Th is TA examines the technical , economic , 

soc ial , and pol itical forces that might stimulate or inhibit the 

development of a guayule rubber industry , the impacts or consequences of 

th is commerc ial ization , the alternat ive approaches that are open to 

government and the pr ivate sector , and the consequences that might be 

expected from following var ious pol icy options . 

The study was conducted by the Office of Ar id Lands Studies ( OALS) , 

Un ive r s i ty of Ar izona , and the Centro de Investigac ion en Qu imica 

Apl icada ( Appl ied Chemi s try Research Center)  (CIQA) in Saltillo ,  

Coahuila.  Work  was divided into several phases .  

Phase I cons isted of a mee ting of the two teams in Saltillo in July 

1980 . Th i s  phase included brainstorming on potential guayule issues , 

refining the proj ect tasks , and developing a tentative outline of the 

final repor t .  The complet ion o f  Phase I was the publ ication of A 

Technology Assessment of the Commercialization of Mexican Guayule : 

Or ientat ion Repor t ,  i n  November 1980 . 

Phase I I ,  the soc iotechnical survey of guayule development , 

consisted of an extens ive rev iew of future world and Mex ican demands for 

elastome r s ,  the socioeconomic s i tuation in Mexico ' s  nor thern ar id zone , 

and present agr icultural and industr ial state-of-the-art aspects of 

guayule technology . Th i s  review involved the examinat ion of nat ive 

Mexican guayule di str ibution , susta ined yield , dry land farming , 

propagation , processing ,  and prospects for commercialization .  

I n  Phase I I I , two alternat ive technology development scenar ios were 

developed . Scenar io A is  motivated by social needs . It  is des igned 

around a modest set of social and economic improvement targets that 
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requ i re minimal improvement in regional organi zation and management . No 

extensive research and development i s  needed , and the exi st ing 

i nfrastructure used in current native plant wildstand harvesting. and 

marketing needs' only modest expans ion to accommodate the requi rements of 

commercial guayule rubber production from wildstands . The greatest 

change in exis ting patterns is the need for a s i ngle 5 , 000 metric tons of 

r ubber per year processing facility that is mach inery and capi tal 

intens ive . Guayule commercialization requires organized and coordinated 

harvesting , transpor tation , and process ing systems . The amount of rubber 

produced under Scenario A i s  less than 5 percent of the projected 199 5 

Mexican natural rubber demand . 

Scena r io B assumes intens ive regional guayule development efforts 

through wi ldstand harvest and dryland culture of guayule in order to 

supply a significant por tion (about 30  percent) of the Mexican natural 

rubber demand . Two driving forces motivate thi s  scenar i o :  1 )  a des i r e  

for national self-sufficiency in r ubber , due in part  to the anticipation 

of an international shor tfall of natural rubber and subsequent price 

r i se , coupled with rapid growth of natural rubber demand in Mexico ;  and 

2 )  a national pol icy promoting economic development in the northern arid 

zone . 

Scenario A was di scussed by the research team with a diverse group 

of parties-at-interest in Saltillo on Apr il 1-3 , 1981 . The object ive of 

the meeting was to present the scenar io , explore potential issues and 

confl icts , and gain a preliminary insight into impact and policy 

impl ications . 

Phase IV proj ected impacts based upon implementation of the two 

scenar ios developed in Phase I I I . The impact forecasts were developed 

from information generated at the Apr il 1981 meeting and at a second 

mee ting wi th the par t ies-at-inte rest i n  Saltillo in July 1981 , from 

interviewing key per sonnel and individuals in the potential guayule 

growth region who might have interest in guayule production , and from 

sociolog ical and envi ronmental data . 
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Phase V cons isted of an assessment of public policy i ssues , the 

pr imary focus of the repor t .  In thi s  phase the national and regional 

policy-making process in Mex ico was examined and issues and c r itical 

questions 
'for each scenario de fined . Existing policies , ' policy 

conflicts , and pol icy needs were identif ied . A meeting was held with the 

part ies-at-interest in Saltillo in November 1981 to d i scuss and ref ine 

the policy analys i s . Append ix A provides a list of the attendees at the 

three meetings of the part ies-at-interest . 

A more detailed de scr ipt ion of the United States Mex ico 

cooperat ive research approach to the guayule technology assessment and 

the mutual benefits de r ived from conduct ing the TA is provided in 

Appendix B .  

The value of the Mexican peso changed g reatly in the last year . To 

provide a constant value for compa r i sons , all costs or ig inally stated i n  

pesos were converted to U . S .  dollars at a n  assumed exchange rate o f  23  

pesos to the dollar . 
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AS 

I I .  OVERVIEW OF ELASTOMER CONSUMPTION AND PRODUCTION 

a background and context for 

commercialization ,  thi s  chapter descr ibes 

di scussion 

histor i c  

of 

and 

guayule 

recent 

developments in the synthetic and natural rubber industr i e s .  Trends in  

wor ld and Mex i can elas tomer supply and demand are  discussed and 

extrapolated to the year 20 0 0 .  Major points in th i s  chapter are also 

summar i zed in the Rubber Market Assumpt ions ( Table V-2 ) , in  Chapter V, 

Scenarios for the Future . 

A .  Synthetic and Natural Elastomer Development 

Until Wor ld War I I ,  natur al rubber dominated the world elastomer 

market.  The pr imary source for natural rubber was Hevea brasiliensi s ,  

native to the Amazonian rain forests o f  South Amer ica . In the late 19th 

century Hevea was successfully planted in Ceylon and the Malay Peninsula , 

and natural rubber plantations began to flour i sh in Southeast Asia . By 

1912 cultivated rubber production equaled wild rubber production, then 

soon doubled and redoubled.  Hevea plantings in Asia  increased from 2 , 500 

hectares in 1900 to 500 , 000 hectares in 1910 ( Allen , 1972 ) .  A fungus 

disease , the leaf blight Dothidella , des troyed South Amer ican Hevea 

rubber plantations early in the century , and East  Asia became the maj or 

geographi cal location of natural rubber production .  At that time , 

Mexi can guayule was providing 10 percent of the world I s natural rubber 

and 50 percent of the total U. S .  rubber consumption ( Sekhar and Pee , 

1 980)  • 

Dur ing the 1920s a substanti al amount of guayule rubber was produced 

in Mexi co ,  and some in the uni ted States as well . The guayule industry 

in Mexico was cur tailed dur ing the Mexican Revolut ion , and guayule rubber 

production was slowed in the uni ted States and Mexico dur ing the 

Depression in the 1 9 3 0 s ,  but by 1936 approximately 67 , 000 metr i c  tons of 

guayule had been produced in Mex i co (Velazquez et al . , 1978 ) . In  the 
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uni ted S tates , 1 , 400  metr ic tons of guayule rubber were produced by the 

Intercontinental Rubber Company between 1931 and 1941 (U . S .  Forest 

Service , 19'46'a ) . 

Dur ing World War I I  Southeast As ian rubber suppl ies ,  the main 

sources of natural rubber for Western Europe and the Uni ted States , were 

cut off by the Japane se . Maj or effor ts were initiated to develop 

alternat ive sources of rubber . In the Uni ted State s ,  under the U . S .  

Emergency Rubber Project ( ERP) , an additional 3 2 , 000 acres of guayule 

were planted in California and Texa s .  Between 1941 and 1946 , 

approximately 1 , 400  metr ic tons of guayule rubber were produced . Dur ing 

the same per iod Mexico produced more than 47 , 000 metric tons of guayule 

rubber for expor t to the Uni ted States . 

Concurrently , substantial effor ts were be ing under taken in both the 

Uni ted S tates and Germany to develop synthetic rubber . German synthetic 

rubber research had been in progress as early as 1910 . Rus s ian research 

in the 1920s and 1930s  and U. S .  development of neoprene rubber in 1932  

were major contr ibut ions . The industry developed rapidly dur ing World 

War I I ,  and synthetic rubber consumption began to exceed that of natural 

rubber . By 1945 production processes for several types of synthetic 

rubber had been developed ,  and U . S .  industry was producing 0 . 7  million 

metr ic tons annually . 

At the end of the war , hevea rubber again became ava ilable on the 

world marke t ,  and the newly developed synthe tic rubber technology was 

succe ssful in helping to meet the increasing rubber demands of the 

booming automotive indus try . As a result,  U. S .  and Mex ican guayule 

produc tion was vir tually abandoned . 

In the 1950s technolog ical breakthroughs in production and 

process ing of styrene-butadiene rubber , the major type of general purpose 

synthetic rubber , improved both the qual i ty and prof i tability of 

synthetic rubber . The development of polybutad iene and polyi soprene in 
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the late 1960s also contributed to the growth in synthetic rubber usage . 

Natural rubber producers were unable to keep pace with the incre�sing 

growth in world rubber demand and when cheap monomer s ,  the raw mater ial 

for synthet i c  rubber , became readi ly avai lable , the synthetic rubber 

industry expanded rapidly . Synthetic rubber commanded a progressively 

larger fraction of the wor ld rubber mar ket,  claiming more than half the 

market by 1960 . I t  now consti tutes about 70 percent of the total wor ld 

elastomer market.  

B.  Cur rent World Elas tomer Consumption and Production 

The synthetic rubber industry has benefi ted from relatively stable 

supplies and pr i ces of raw mater ials . In contrast ,  natural rubber 

plantations are vulnerable to di sease , a major consideration in South 

Ame r i ca ,  and adj ustment to fluctuations in the world elastomer mar ket i s  

made difficult b y  the f ive-year lag between Hevea plantings and ini tial 

rubber production. However ,  major improvements have been made in hevea 

rubber production, including increased y ields due to development of 

h igher yielding clones ,  s timulation, and be tter exploitation methods .  I n  

addi tion ,  the qual i ty and s tandardization of the fini shed product have 

been improved . All these factor s have been helpful in maintaining 

natural rubber I s present 3 0  percent share of the total world elastomer 

market.  

Synthetic and natural rubber are chemically d ifferent. Natural 

rubber continues to be preferred where high elas ticity ,  resilience , 

tack iness , and low heat bui ldup are required.  It  i s  an i ndi spensable 

component of ai rplane t i res and of radial auto , bus , and truck tires . 

Because production of tires and other automotive products accounts for 6 5  

percent o f  world elastomer consumption , continued o r  increased popularity 

of radial tires i s  a s ignificant factor in stimulating the demand for 

natural rubber (Gr illi et al. , 1978) . 

1 .  Wor ld rubber mar ket : Total wor ld elastomer consumption 

increased from approximately 1 .  7 mill ion metr ic tons in 1946 to 12 . B 
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mill ion metric  tons in 1979 . This represents an average yearly growth 

rate from the 1950s to the 1970s of about 6 . 3  percent , almost paralleling 

the growth ' of world industr ial production .  Dur ing that same per iod the 

natural rubber supply grew at an average yearly rate of less than 3 

percent a year , wh ile synthetic rubber use increased at an average yearly 

rate of 9 . 3  percent a year , f ill ing the widen ing gap between elastomer 

demand and the supply of natur al rubber (Gr illi et al . , 1978) . 

S ince 1972 , synthetic rubber use has been growing at a reduced rate . 

Radial tires , becoming increas ingly popular , require approximately twice 

as much natur al rubber and one-third less synthet ic rubber than do bias 

ply tires . Increasing costs of the petrochemical feedstocks used in 

synthetic rubber production are also beg inning to have an impact on 

synthetic rubber consumpt ion . 

Total world elas tomer consumption in 1980 was 

Internat ional Institute of Synthetic Rubber Producer s  

est imated by the 

( I ISRP) as be ing 

approximtely the same as in 1979 , 12 . 8  million metr ic tons ( Elastomer ics , 

1980) . This reflects the recent slowed growth in rubber demand resulting 

from the decrease in world economic growth induced by the oil cr i s i s .  

Other recent est imates o f  1 9 8 0  elastomer consumption have been somewhat 

lower . The Economic Intell igence Uni t ,  Ltd . ( EIU) estimates that wor ld 

elastomer consumption declined 1 percent dur ing the first  half of 198 0 ,  

and 4 percent i n  the second half ( S chultz , 1981) . 

World consumption of natural rubber has been decreasing more than 

one and one-half times faster than has rubber manufactur ing . Dur ing the 

12-month per iod end ing in Febr uary 198 1 ,  world natural rubber demand fell 

3 . 7  per cent while product ion fell only 1 . 2  percent ( Rubber and Plastics 

News , 1981) . Thi s  product ion/consumption d ifference has resulted in a 15 

million metr ic ton increase in natural rubber stocks in the f irst  two 

months of 1981 , rais ing the surplus from 25  mill ion tons to 4 0  million 

tons . This contrasts with the 15 mill ion ton shor tage at the end of 1979 

( Rubber and Plastics News , 1981) . 
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2 .  Syntheti� rubber production :  Total world synthetic rubber 
........ 

product ion capaCltY in 197 8  for all  types of synthetic rubber , as 

repor ted by the Internat ional Rubber Study Group ( IRSG ) ( 1979 ) , was. 10 . 5 

million metr ic to�� . An estimated 12 . 1  mill ion met r ic tons of worldwide 

synthetic rubber �a paci ty was expected by 1981 . 

Mos t  of the world ' s  synthet ic rubber production is  in the Western 

i ndustr ial countr ies and Japan , although a large quant ity of synthe tic 

rubber is  produced in Eastern Europe and the USSR About 4 percent i s  

produced i n  devel�ping countr ies - - Mexico , Braz i l ,  Argent ina , India , and 

Korea . Outs ide Of the centrally planned economies , t i re manufacturer s  

and petrochemical producers dominate synthetic rubber production and 

toge ther control 90 percent of existing product ion capacity (Gr ill i e t  

al . , 1978) . 

Expans ion of synthetic rubber production capacity in the 

indus tr ial ized cOu�tr ies has s topped almost enti rely , due to the 

uncertainties creClted by the oil  c r i si s ,  the general slowdown in world 

economic activities ,  and growing pressures and concerns ove r 

envi ronmental and health issues related to the industry. However ,  

expansion is  conttnuing rapidly in the developing countr ies and in the 

centrally planned �conomies of Eastern Europe and the USSR. 

Many believe tnat world synthetic rubber production capacity will be 

cons iderably increased in the Arab States and the Republ ic of China , 

where surplus crud� o i l  reserves are ava i lable . Some large pe trochemical 

complexes have bee� bui lt , and others are be ing planned . Thi s  would have 

a s ignificant impact: on the wor ld export mar ke t ,  as rubber not consumed 

in t i re and other t"ubber products plants would be ava ilable for export 

(Ruebensaal ,  1978) . 

3 .  Natural r�ber production : Hevea rubber production , a labor 

intens ive industry.  is car r ied out pr ima r i ly on farms and plantations o f  

Southeast As ia . Over 40 percent of a l l  the world natural rubber supply 
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i s  produced in Malaysia;  much of the remainder i s  produced in Indonesia 

and Tha i land . About 12 percent of  the world total i s  produced in other 

parts of As·ia · (Sr i Lanka and Ind ia) and in Afr ica ( Liberia  and Niger ia) . 

Most of the rubber is  grown on small farms . The percentage of small farm 

product ion ranges from 67 percent in Malaysia to over 95 percent in 

Thailand ( Sekhar and Pee ,  1980) . Nine ty percent of all the hevea rubber 

produced is expor ted , mainly to the Western industr ial countr ies and 

Japan in a semiprocessed state ( Flavin , 1980) . 

Hevea will probably grow in the Western Hemisphere within a band 25  

degrees nor th and south of  the equator wherever ra infall , topography , and 

soil condi tions fulf ill Hevea ' s  requ irements . However ,  this does not 

nece ssar ily mean it could be grown prof i tably in all areas within that 

reg ion due to poss ible slow growth and low yields . Also , Hevea 

product ion i s  labor intens ive , and therefor e ,  plantations must be located 

where there is an ample supply of ava ilable labor . 

Hevea i s  currently be ing grown commercially in the Western 

Hemi sphere in Mex ico , Braz i l ,  Bol iv ia,  Peru ,  Ecuador , and Guatemala . I t  

could possibly b e  grown success fully i n  Paraguay , Colomb ia , Venezuela , 

the Guyanas ,  Panama , Cos ta Rica , El Salvador , Honduras , and many of the 

Car ibbean Is lands ( Riedl , 1980) . Br azil  and Guatemala are produc ing the 

greatest amounts of hevea rubber in the Western Hemi sphere . According to 

the IRSG (1979 )  Braz il produced almost 24 , 000 metr ic tons of hevea rubber 

in 1978 while impor ting more than 56 , 000 tons . Brazil  expects its rubber 

demand to double by 1990 and plans to increase i ts 10 , 000 hectares of 

Hevea plantat ions by planting an add it ional 120 , 000 hectares ( Latin 

Amer ica Commod i ties , 1978a) . Hevea rubber product ion has been growing 

steadily in Guatemala , reach ing 9 , 700 tons in 1977 ( Latin Amer ica 

Commodi t ies , 1978b) . However ,  pol it ical problems emerging in Guatemala 

may create an unfavorable environment for further expans ion of Hevea 

plantations in that country.  In the pas t ,  the South Amer ican Leaf Blight 

( Dothidella) has been a ser ious cons traint to Hevea product ion in South 

and Central Amer ica . Chemical control of this disease now seems 

poss ible , but this will increase the production cost ( Riedl , 1980) . 
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The hevea rubber industry i s  j ust beg inning to reap the benefits of 

long-term research and development programs carr ied on during the past 20  

years , and producti vi ty i ncreases are expected over the next 30  years 

through tree ' breed ing and select ion . Comprehens ive programs to expand 

natural rubber production are underway in many of the tradit ional hevea 

rubber-producing countr ies . 

4 .  Rubber production costs : Crude oil prices tr ipled between 1973 

and 1975 , caus ing a corresponding r i se in the pr ice of butad iene , 

styrene , and polyi soprene , the pr imary feedstocks for synthetic rubber 

manufactur i ng .  Similarly , the cost of petroleum-de r ived energy required 

for processing and transpor ting products increased well beyond the 

existing rate of inflation . 

The costs  of synthe tic rubber production depend as much as 70 

pe rcent on the costs of chem ical feedstocks and energy inputs .  These 

costs more than doubled between 1 9 73 and 19 75 . Thi s ,  together with 

increased labor and overhead costs , resulted in a 7 5  percent to 100  

percent increase in direct costs of  produc ing synthetic rubber in  all 

major industr ial i zed countr ies . 

Natural rubber costs were not as affected di rectly by the oil 

cri s i s . The cor re spond ing d i rect production cost increase for natural 

rubber was approximately 1 0  percent (Gr illi et  al . , 1978 ) . Natural 

rubbe r production costs were also affected indirectly by the acceleration 

of world inflation including r is i ng labor costs , which account for 55 

pe rcent of hevea rubber product ion costs , and increas ing fre ight costs . 

Any increase i n  the real pr ice of oil would improve even more the long

term cos t competitiveness of natural rubbe r (Gr illi et al . , 1978 ) . 

5 .  Rubber pr ices : The pr ice of the highest  grade of traded natural 

rubber r ibbed smoked sheets (RSSl)  approached $ . 70 per pound on several 

occas ions dur ing 1979 and exceeded $ . 80  per pound in 1980 . In  198 1 ,  it 

d ipped below $ . 46 per pound and has not r i sen substantially above $ . 47 

per pound in the first  quarter of 1 9 82 . 

1 1  
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rubber is  influenced by changes in the supply and demand balance and is  

sens it ive to sales and strikes in the automot ive and tire industr ies , 

transpor tation problems , and polit ical uncerta inties . For example , 

pr ices peaked dur ing the Korean War and again in response to the 1973-74 

o i l  cr i s is , and to var ious "boom" condi tions in the automot ive industry 

in 1955 and 19 59-60 (Gr illi et al . ,  1978) . 

The synthetic rubber industry i s  structured in such a way that 

pr ices can eas i ly be differentiated between markets , but according to 

Gr illi et al . ( 1978)  it is almost imposs ible to recons truct a "world 

pr ice" even for a spec i f ic type of synthetic rubber . They sugges t , 

however ,  that for styrene-butadiene rubber the long-run trend in world 

pr ices is  approximated by the trend in u . s .  export unit values and that 

the decl ining trend in natural rubber pr ices between 19 50 and 1970 was 

influenced by the decline in general purpose synthet ic rubber pr ices . 

Pr ice j umps experienced between 1973 and 1981 are related to cost 

increases that co inc ide with major changes in the pr ice of feedstock for 

synthetic rubbers  due to increases in crude oil pr ices . 

In the past , natural rubber pr ices have been subj ect to a great deal 

of fluctuat ion . The recently negotiated Internat ional Natural Rubber 

Agreement mandates the establ ishment of a 550 , 000 met r ic ton buffer stock 

of natural rubber . l�e stated purpose i s  to help stabilize pr ices . An 

init ial reference price has been established at about $ . 4 5 per pound . I f  

the pr ice falls to 2 0  percent below the reference pr ice , the manager i s  

requ ired to buy . In a s imilar way , the manager may sell from the 

s toc kpile when the natural rubber pr ice r ises to more than 15 percent 

above the reference pr ice ; he is  requ ired to sell if the pr ice increase 

is more than 20 percent above the reference pr ice . The agreement was 

negot iated in the hope that a floor pr ice would thereby be establ i shed 

that would offer enough incent ive for small rubber farmers  to expand and 

replant ,  but cr i t ics mainta in that the agreement bears no pract ical 

relat ionsh ip to today ' s  natural rubber pr ices (Ander son , 1980) . 
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6 .  Natural rubber/synthetic rubber competition :  The market 

interact ion between natural and synthet ic rubbers is  complex . They are 

close subst itutes for each other . Natural rubber , styrene-butadiene � and 

synthe tic polyisoprene compete wherever a general-purpose rubber with 

standard characte r i stics i s  needed and when the choice between elastomer 

types i s  largely determ ined by relat ive pr ices and availabil ity ,  Careful 

compound ing can yield a tremendous number of combinat ions of rubbers with 

a predete rmined set of properties , but relat ive compound ing costs must be 

cons idered as well as relative rubber pr ices . 

Gr illi et al e ( 1 9 7 8 )  report that expert  opinion is  widely d ivergent 

regarding the potential for switching from synthe tic to natural rubber 

use . At one end of the spectrum the prospect is  viewed as qu ite limited , 

probably no more than 5 percent of total elastomer use , even when 

economically advantageous . Pol itical factors are deemed more impor tant 

than economic ones in real i z ing thi s  potential . The Malays ian Rubber 

Research and Development Board (MRRDB ) view has been that except for 

specialty markets ( 15  percent ) and the market for styrene-butadiene and 

polybutadiene blends in passenger-car ti res (another 15 percent) , the 

world rubber market is technically open to i soprenic rubbers ( natural 

rubbe r and synthet ic polyi soprene ) . Allowing for processabili ty and 

price di fferences in natural rubber and polyi soprene and cons ider ing end 

uses , an MRRDB study concluded that the normative share of natural rubbe r 

in total elastomer use is  43  percent . 

A survey of rubber users conducted by Gr i ll i  et al e ( 1978 ) indicated 

that at least 15 percent of the s tyrene-butadiene rubber and 50 percent 

of the polyisoprene market could switch to natural rubber . Us ing 1975 

consumption f igures (excluding centrally planned economies)  natur al 

rubber could have had a market share of 42 percent as opposed to an 

actual share o f  3 4 . 5  percent . Although current year relative market 

pr i ces influence rubber cho ice only slightly , in the longer run relative 

pr ice is clearly an influencing factor . 
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The choice of the types of rubber utilized in manufactured products 

is influenced by technical , economic , and ma rket-related factor s ,  and the 

substitution . of one type of rubber for another is constrained by both 

technical and non-technical factor s .  Rubber users tend to delay m i x  

changes in response to relat ive pr ices because technical adj ustment costs 

are involved .  I n  addi tion , t i re makers , the largest users of rubber , 

often have the i r  own synthetic rubber product ion fac i lities . These 

companies tend to use the i r  own inputs whenever poss ible and try to 

operate the i r  rubber production fac i l i t ies at capaci ty .  Other users who 

do not have the ir own product ion facil it ies are often tied to specific  

domes tic suppl iers of synthetic rubbers  by  contract , or othe r customary 

relat ionships . Government policies a imed at maintaining a favorable 

balance of trade tend to favor the use of domest ically produced rubbe r s .  

National secur i ty is anothe r factor influencing protection and 

encouragement of domestic rubber production (Gr illi et a 1 . , 1978) . 

C .  Projected World Elas tomer Consumpt ion Through the Year 2000  

Oil pr ices are r i s ing much faster than world inflat ion . Between 

1972 and 1981 , the contract pr ice per bar rel of oil rose from 

approximately $ 3  to $3 2 .  The latte r f igure undoubtedly will increase 

after th is report is  publ ished . Thi s  rate of growth is  equ ivalent to an 

average annual increase of more than 3 0  percent . The full , long-term 

impact of this trend on the world economy and elastomer demand rema ins to 

be seen . 

Near ly two-th i rds of the rubbe r consumed in the world is  for 

transportation uses . Tires account for 51 percent of world rubbe r 

consumption � other transpor tation uses , 14 percent . Non-transportation 

uses account for 3 5  percent . These market  shares are not expected to 

change s ignificantly in the next 20 years . Modernization of 

transpor tat ion sys tems in the deve loping nat ions and increas ing demand in 

the centrally planned econom ies is expected to offset slowed rubber 

demand in industrialized nations . The World Bank forecast of the annual 
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elastomer demand increase for 1976 to 1990 for developed countr ies  was 

4 . 3  percent ; for developing countr ies 7 . 9  percent ; and for countr ies wi th 

centrally planned economie� 6 . 5 percent (Gr illi  et al . ,  1978) . 

Riedl ( 1980) , formerl>, wi th Goodyear Rubber Company , es timated that 

the world natural rubber supply will increase by 3 . 2  percent per year to 

1990 , growing from approxi�ately 3 . 8  mill ion metric tons in 1979 to over 

5 . 3  million metric tons in 1990 . Thi s  estimate i s  lower than the 4 

percent growth rate for the per iod 1976-1990 proj ected by the World Bank 

s tudy in 1978 (Gr illi et a! . ) .  That study acknowledges ,  however , that 

the future production capab i li ties of Indonesia and the smaller producer s  

are unce rtain and that " the shor t-term production potential o f  the 

smaller producer s  may be overstated . " 

The growth rate proj ected by the World Bank for wor ld demand for all 

elastomers  is 5 . 5 percent per year from 1980 to 198 5 , then 4 . 8  percent 

between 1985 and 199 0 ,  more than 1 percent below the histor i cal rate. 

Applied to an es timated tot�l demand for 1980 of 12 . 8  million metric tons 

( IRSG , 1979 ; Riedl , 1980 ) , a 5 percent growth rate indicates a total 

world demand for all elastotners of 34 . 0  mill ion metric tons by the year 

2000 . Thi s  is almost 2 � 7  times the present world demand. Many 

forecasters now believe an annual growth rate of about 3 . 5  percent , 

resulting in a world demand of 2 5 . 5  million metr ic tons in 2 0 0 0 ,  i s  mor e 

realistic ( Riedl , 1980) . 

As world demand for natural rubber continues to grow, i t  i s  l ikely 

that hevea rubber supplies will fall behind the increasing demand for 

natural rubber and will no longer be able to fill 30 percent of the 

elas tomer market.  

Table 1 1-1 shows Wor ld �ank es timates (Gr illi et  al . , 1978)  of total 

elas tomer demand through 1990 and the decreasing share of the market that 

would be f illed by natural rubber . Table I I-2 shows es timates of total 

elas tomer demand through 200� and the potential natural rubber shor tfall 
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Year 

1980 

1985 

1990 

Total 
Rubber 
Demand 

TABLE I I-I 

PROJECTED WORLD RUBBER DEMAND AND 
NATURAL RUBBER (NR) SHORTFALL THROUGH 1990 

BASED ON WORLD BANK PROJECTIONS * 

NR 
(Hevea)  Calculated Potent ial Potential NR 

Production Mar ket Share NR Demand**  Shor tfall** 

106 Metric Tons Percent 106 Metric Tons 

14 . 500  
( 5 . 1% 
growth) 

18 . 600  
( 4 . 8% 
growth) 

2 3 . 500  

4 . 350  
( 3 . 8% 

growth) 

5 . 24 5  
( 3 . 2% 
growth) 

6 . 135 

30 . 0  4 . 350  

28 . 2  5 . 580 . 335  

2 6 . 1  7 . 050  . 915 

* Gr i lli  et al . , 1978 
** Based on 30%  mar ket shar e .  
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TABLE I I-2 

PROJECTED WORLD RUBBER DEMAND AND 
NATURAL RUBBER ( NR) SHORTFALL THROUGH 2000 

BASED ON 3 . 6% TOTAL DEMAND GROWTH RATE 

Total 
Year Elastomer Demand 

( 3 . 6% growth/annum) 
Hevea Production Calculated 

( 3 . 2% growth/annum) Market Share 

106 Me tr ic Tons Percent 

1979 12 . 820  3 . 755  29 . 3  

1980 12 . 820 3 . 755  2 9 . 3 

1981 1 3 . 282  

1982 13 . 760 

1983 14 . 2 5 5  

1984 14 . 768 

1985 1 5 . 300 4 . 396  28 . 7  

1986 1 5 . 851 

1987 16 . 4 2 1  

1988 17 . 012 

1989 17 . 6 2 5  

1990 18 . 259  5 . 14 5  28 . 2  

1991  18 . 9 17 

1992 19 . 598 

1993 2 0 . 303  

1994 21.  034 

1995  2 1 .  791  6 . 02 3  2 7 . 6  

1996 2 2 . 57 6  

1997 2 3 . 3 8 9  

1998 2 4 . 231  

1999 2 5 . 103  

2000 2 6 . 007 7 . 050 27 . 1  

* Based on 30%  Market Share 
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Potent ial Potential 
NR Demand* NR Shor tfall* 

10 6 Metric Tons 

3 . 846  0 . 091 

4 . 590 0 . 192  

5 . 4 78 0 . 333  

6 . 537  0 . 514  

7 . 802 0 . 75 2  



based on more recent estimate s .  The se estimates place total 1980 

elastomer consumption at approximately 12 . 8  million metr ic tons ( IRSG , 

1979 ; Riedl ; 1980)  and 1979 hevea rubber production at 3 . 755  million 

metr ic tons ( IRSG , 1979) . We have no final statistics for ac tual 

consumption and production in 198 0 ,  but consumption estimates are close 

to the 1979 actual f igures , so we have assumed no change in consumption 

and production from 1979 to 1980 ( Table 11-2 ) . 

The 3 . 6  percent annual growth rate for elastomer demand in Table 11-

2 has been selected in v iew of recent projections ( Riedl [ 1980] , 4 . 3  

percent to 1990 and 3 percent from 1990 to 2000 ; Dr . Clayton Rubensaal , 

Uniroyal , Inc . , 3 . 6  percent to 2000 fRiedl , 1980] ; and the IISRP ,  3 . 6  

percent to 1990 [Elas tome r i c s ,  1980 ] ) .  An average annual growth rate for 

hevea rubber production of 3 . 2  percent , as estimated by Riedl ( 1980) , i s  

proj ected in Table 11-2 . Thi s  i s  sl ightly lower than the rate projected 

by the World Bank of 3 . 8  percent through 1985 and 3 . 2  percent from 1985 

to 1990 ( Table II-I) . 

Potential natural rubber demand in Table II-2 was estimated at 3 0  

percent of the total demand , which i s  the current natur al rubber share of 

the total elas tomer mar ket.  The natur al rubber demand estimates in Table 

1 1-1 were der ived from the World Bank projections indicating the maximum 

natural rubber market share possible to be 3 0  percent in 198 0 ,  28 . 2  

percent in 198 5 ,  and 26 . 1  percent in 1990 as hevea production fails to 

keep pace with demand . The differences be tween hevea product ion and 

potential demand based on the 30 percent mar ket are l isted in the f inal 

column of each table as potential natural rubber shor tfall . Assuming the 

3 . 6  percent growth rate for total elastomer demand as shown in Table 11-

2 ,  the natural rubber supply will be approximately 0 . 8  million metr ic 

tons shor t of the 30  percent natural rubber share of the mar ket  in 2000 , 

dropping to a 27 . 1  percent market share . 

Histor ically ,  natur al rubber consumption has cons i s tently matched 

supply . Assessments of the theoretical potential market for natural 
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r ubber indicate that  i f  enough natural rubber were avai lable i t  could 

account for 40 percent of the total elastomer mar ket,  although the pr i ce 

of synthetic . rubber would be a determining factor ( Riedl , 1980) . Due to 

end-use appl ications that require natural rubber , world consumpt ion of 

natural rubber could probably remain near 3 0  percent , or possibly 

increase to 35 percent , through the year 2000 if enough natural rubber 

were avai lable . However ,  divis ion of the demand for " i soprenic rubbe r "  

beween hevea , synthetic polyisoprene , guayule o r  some other elastomer ye t 

to be created by new technology i s  difficult to forecast .  A decrease i n  

the natural rubber share o f  total elastomer consumpt ion to 25  percent or 

less would probably be due to a shor tage of natural rubber . Substi tution 

of more expensive or lower quality synthetic polyi soprene might then 

become necessary (Foster et  al. , 1980) . 

Synthetic c i s-I , 4 -polyisoprene has nearly the same chemical 

structure or microstructure as hevea rubber but may di ffer in average 

molecular wei gh t ,  molecular weight di str ibution, degree of crystall inity ,  

gel content ,  non-rubber content , and cure properties . Synthetic 

polyi soprene properties differ according to c i s-l , 4  content . High-cis 

polyi soprene (96 percent) closely resembles natural rubber (more than 99 

percent) and can be used as a natural rubber substi tute i n  radial tires . 

Low-cis  polyi soprene i s  not a complete natural rubber substi tute but can 

supplement or par tially replace it in a rubber product such as a truck 

t i r e .  I soprene , the major ingredient in polyisoprene production , i s  

obta ined from crude oil under severe cracking conditions . 

As a result of feedstock shor tages and high manufacturing costs , 

polyisoprene i s  in shor t supply worldwide . Sources of polyi soprene 

include Canada , France , I taly, the Nether lands , Rumani a ,  the USSR, and 

Japan . World annual production capacity of c i s-I , 4-polyisoprene ; trans-

1 ,  4-polyi soprene ; and other 1 ,  2- and 3 , 4-enchained polymer s  is nearly 

1 . 6  bill ion pounds . Centrally planned economy countr ies that are 

developing ci s-I , 4-polyi soprene plants in effor ts to become independent 

from impor ted hevea rubber include Bulgar ia , Czechoslovakia,  Poland , and 
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the USSR .  World low- and h igh-c i s  poly i soprene production capac i ty i s  

currently 1 mill ion metr ic ton s ;  production capacity o f  1 . 3  mill ion 

metr ic tons is proj ected for 1982 ( Rubber Wor ld, 1980) . 

D .  Mex ican Elastomer Consumpt ion and Production 

Total Mexican rubber consumption in 1978 was estimated to be more 

than 150 , 000 metric tons ;  natural rubber const i tutes approximately one

third of that total , more than 50 , 000 metr ic tons (CIQA, 1979) . 

Annually , f ive thousand tons of hevea rubber i s  domestically produced 

annually . In 197 8 ,  Mex ico produced mor e than 80 , 000 metr ic tons of 

synthetic rubber ( IRSG , 1979 ) . 

Countr ies such as Mex ico that have large petroleum refiner ies can 

solve their feedstock problems.  An impure i soprene can be made from 

streams co-produced when heavy oils are catalytically cracked to produce 

gasol ine . Thi s  i soprene would be su i table for low-cis polyi soprene 

production ( Ander son, 1980) . 

1 .  Mex ican elastomer consumpt ion : Table II-3 shows natural and 

synthetic rubber consumption in Mex ico in the decade following 1968 , when 

the total consumption of both types of rubber was l ittle more than 6 3 , 000  

metr ic tons . By 1978 , total synthetic rubber consumption had cl imbed to 

1 0 0 , 460 metr ic tons;  natural rubber to 50 , 685  me tr ic tons . Almost 3 5  

percent of all the rubber used i n  Mex ico i s  natur al rubber , a high 

percentage compared to natural rubber use in Braz i l ,  wh ich is 25 percent, 

and Latin Amer ica in general , wh ich is closer to 30  percent ( Lara M.  and 

Morales A . , 1978) . 

The per iod between 1967 and 1977 was one of rapid industr ial growth 

in Mexico . The automobile industry , one of the most  dynamic , experienced 

an annual growth rate of 14 . 5  percent dur ing the seven years between 1967 

and 1974 , wi th a temporary slowdown and contraction from 1975 to 1977 . 
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TABLE I I-3 

Mexican Elastomer Consumpt ion 1968-1978 

Total 
Elastomer 

Year Consumption 

Met r ic 

1968 63 , 06 0  

1969  6 5 , 63 9  

1970 77 , 503 

1971 83 , 443 

1972 86 , 46 5  

1973 98 , 950 

1974 114 , 4 7 5  

19 75  111 , 467 

1976 125 , 3 52 

1 977 123 , 517 

1978 151 , 153 

* Natural Rubber 
** Synthetic Rubber 

NR* Percent 
Consumption NR 

TOns 

22 , 60 5  36  

26 , 204 40  

28 , 215 36  

3 1 , 192  3 7  

28 , 4 53 3 3  

3 1 , 690  32  

3 6 , 3 76 3 2  

3 7 , 200 33 

4 1 , 6 28 3 3  

3 9 , 73 4  3 2  

50 , 685  3 4  

Source : Der ived from Lara  M.  and Morales A.  ( 1978 ) 

2 1  

SR** 
Consumption 

Me tric 

40 , 4 55 

43 , 574 

4 9 , 288  

52 , 251 

58 , 012 

67 , 2 60 

78 , 3 6 9  

74 , 267 

83 , 724 

83 , 783 

100 , 46 0  

Percent 
SR 

TOns 

64  

60  

6 4  

63 

67  

68  

68  

6 7  

6 7  

68  

66 



The number of veh icle s per cap i ta g rew from 46  per 1 , 000  inhabi tants 

in 1975 to 66 per 1 , 00 0  in 1977 . The rubbe r indus try exper ienced growth 

as demand increased for ti res and industr ia1 rubber articles . Hu1es 

Mexicanos � a major Mex ican synthetic rubber producer ,  repor ted a growth 

rate of 14 percent for po1ybutadiene , 16 pe rcent for ethylene-propylene 

and 7 . 7  percent for po1yisoprene and butyl rubber dur ing the per iod 1968-

1 976 (Lara M .  and Morales  A . , 1978 ) . There was a slight decline ( 1 .  46  

percent) in rubbe r demand in 1977  due largely to  contraction in related 

areas such as the automotive industry . However ,  the automot ive industry 

has been recovering and is  planning expans ion .  Growth was expected to 

i ncrease by 18 percent in 1 98 0 . I t  has been projected that by 1982 the re 

would be 6 . 8  mill ion veh i cles in Mexico : 9 3  pe r 1 , 00 0  inhabitants (Lara  

M .  and Morales A . , 1978 ) . 

E ight faci lities produce rubber-related products such as 

accelerators  and vulcani z ing agents .  There are e ight t i re manufacture r s  

i n  Mexico and 1 2 0  other manufacturers o f  var ious rubber products . Many 

are planning expans ions due to the increased demand for tires and othe r 

products . 

2 .  Mexican elas tomer supply: Mexico is  in the fortunate pos ition 

of be ing able to produce both synthetic and natural rubber . As a major 

petroleum producer , the country has the potential for meeting its 

synthetic rubber industry needs for petrochem ical feedstocks .  I n  

add i tion , both Hevea and guayu1e can be grown i n  Mexico . I n  1977 Mexico 

produced 10 percent of all the natural rubbe r consumed within the country 

in that year , and 85 percent of the synthetic rubber . Table 1 1-4 g ives 

impor t f igures for natural and synthetic rubber dur ing the per iod between 

1 968 and 1977 . E ighty percent of the imported rubber was for tire 

manufactur ing .  Table 1 1 - 5  g ives the total number of met r ic tons per year 

o f  synthetic rubber produced annually in Mexico between 1968 and 197 9 . 

a .  Natural rubber : The quali ty of the hevea rubbe r produced i n  

Mexico does not meet  tire industry standards . Production costs are very 
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high compared to internat ional r ubber market pr ices . Thi s  i s  due largely 

to competi tion for avai lable labor in the Hevea growing region in Mexico . 

Total production costs have been estimated at 27 . 22  pesos per kil?gram 

( in 19 79 )  of ' rubber , almost 8 9  percent of which represents the cost of 

collecting the rubber . Processing costs are approximately 8 . 5  percent 

and di str ibution costs approximately 2 . 5  percent of the total hevea 

rubber production cos t  (CIQA ,  1979) . 

Hevea production is establi shed mainly in the states of Veracruz , 

Tabasco , and Oaxaca . Approximately 4 , 800 hectares of plantations are 

produci ng about 5 , 000 metric tons of rubbe r annually .  An addit ional 

3 , 200 hectares have been planted since 1978 . How much more  land could be 

available for Hevea plantations is open to question . 

An estimated 1 .  2 million metric  tons of harvestable guayule shrub 

exi st  in wildstands in northern Mexico ( INIF , in CONANZA 1976 and 1977) . 

The total potential rubber yield of these shr ubs i s  70 , 000 metr ic tons . 

However ,  thi s  represents a one-time harvest .  

The Fide i comi so del Hule (FIDHULE) was establ i shed i n  1978 to 

encourage and faci li tate natural rubbe r development and 

industrial i zation , including var ious types of f inancial aid . FIDHULE 

relies on a technical committee that examines and approves projects , 

determines types of financial support needed , and approves annual budget 

expendi tures and inves tments . 

To date , only prel iminary outlines of possible FIDHULE programs are 

known . It  has been suggested that  present hevea rubber product ion be 

increa sed by addi tional plantings , and by utilizing the production 

technology used in Guatemala , where wi th less area in cultivation , 

greater volumes of rubber have been obtained than in Mexico . I t  is  also 

recognized that the quality of the rubber mus t  be raised by improving the 

exi s ting plantations , the systems for ext raction and handl ing of the 

latex , and the proces s ing facili ties . It  has been emphas i zed that Hevea 
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cult ivation must not replace cultivation of basic foodstuffs or inte r fere 

with the goals of self-suffic iency established by the Mexican Food System 

( S i stema A1imentar io Mex icano) ( SAM) (MacGregor , 1980) . 

b .  Synthe tic rubber : There are two major synthet ic rubbe r  

producer s  in Mexico . Hu1es Mex icanos , S . A . , the largest  synthetic rubber 

and carbon blac k producer in Mex ico ,  was founded in 1967 . Sixty percent 

o f  Hu1e s Mex icanos is  owned by Pe tro1eos Mexicanos (Pemex ) , Mexico ' s  

na t ional oil  company , and 40  percent is  owned by Po1ysar ,  a Canadian

based company . Hu1es  Mex icanos plans an expans ion to increase synthetic 

rubbe r production and more than double its carbon black production . In 

1968 Negromex , Mex ico ' s  other major synthetic rubber producer ,  began to 

produce s tyrene-butadiene and po1ybutadiene . Forty percent of th i s  

company i s  owned by Ph ill ips Petroleum ;  6 0  percent b y  Mexican interests . 

In 1977 Negromex increased its product ion capac ity by 50 percent . 

The Mexican synthetic r ubber industry produces only three types of 

synthe tic elastomer s :  s tyrene-butadiene , po1ybutadiene , and nitr ile 

rubber . Until other types of elastomer s  such as butyl or po1yisoprene 

are added to its product line , Mexico will rema in dependent on synthe tic 

rubber impor t s .  The country has been import ing approximately 1 5  to 20  

percent of the synthe tic rubber it consumes annually (Table 1 1-4 ) . The 

except ion was in 1974 , when imports increased to 31 percent . Imports in 

1978 were close to 20  percent , but may have dropped to about 17 to 18 

percent in 1980 (Ander son , 1980) . 

Mex ico exports a small amount of synthetic elastomers ,  mainly 

styrene-butad iene . In 1978 , 1 , 800 me tr ic tons were exported ; in 197 9 , 

2 , 100  metr ic tons . An estimated 2 , 500 metr ic tons were exported in 1980 

(Ander son , 1980 ) . 

3 .  Projected Mex ican elastomer consumption and product ion . Based 

on trends up to 1979 , projections of rubber consumption forecast an 

annual natural rubber use of approximately 90 , 000 metr ic tons by 199 0 . 
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Proj ections based on the expanded indus tr ial production anticipated by 

the Mexican Government i n  its  National Industr ial Development Plan 

forecast Me¥ican natural rubber consumption at approximately 140 , 000 

metric tons annually by 1990 (CIQA ,  1979) . The rubber products industry 

is seen to be an extremely dynamic sector , second only to petrochemical s .  

Natural rubber consumption has grown a t  an average annual rate o f  7 . 5  

percent dur ing the past few year s ( Flores , 1980)  and Hules Mexi canos has 

proj ected a 6 . 8  percent growth rate for the per iod between 1978 and 1987  

( Table I I- 6 ) . 

According to Raymundo Danon , National Association of the Chemical 

Industry,  the Mexican synthetic rubber consumption average annual growth 

rate will be 9 percent , and by 1983 internal demand will be be tween 

155 , 000  and 160 , 000 me tr ic tons ( Zubryn , 1979) . Hule s Mexicanos ' 

projection for 1983 i s  157 , 604 tons of synthetic rubber consumption .  An 

average annual growth rate of 8 . 8  percent i s  anticipated . The market 

ratio of synthe tic rubber to natural rubber is not expected to change 

( Lara M. and Morales A. , 1978) . 

Production increases are planned for elas tomer types already be ing 

produced.  Hules Mexicanos operates a 5 2 , 000 metr ic-ton-per-year styrene

butadiene plant at Tampico.  A 10 , 000 metr ic-ton-per-year expans ion was 

planned for July 198 0 ,  another 10 , 000 in 1981 , and an additional 20 , 00 0  

metr ic-ton-per-year expansion in 1983 o r  1984 , bringing the total 

capaci ty to 92 , 000 me tr ic tons per year . Negromex S . A. i s  adding a 

capaci ty of 10 , 000 metric  tons to i ts 4 5 , 000 metric-ton-per-year styrene

butadiene/polybutadiene plant at Salamanca . These expansions should 

enable Mexico to mee t i ts s tyrene-butadiene rubber requirements through 

1985 , but a much greater production capacity will have to be developed to 

keep pace wi th Mexican synthe tic rubber demands ( Anderson , 1980) . 

Raw mater ials for Mexican synthetic rubber production should present 

no problem. Pemex planned expansion in pe trochemicals includes feedstock 

for synthetic rubber . Some s cepticism exi sts , however ,  regarding Pemex ' s  

abi l i ty to meet i ts announced production goals and cons truction timetable 

(Anderson , 1980) . 
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Hules Mex icanos repor ts that i f  the avai lab i l i ty of the basic 

chemicals necessary for development of the synthe tic rubber industry is 

assured, the Mex ican synthetic rubber industry can not only supply the 

future internal demand for synthetic rubber but will also be in a 

posi tion to export styrene-butadiene and ni tr ile rubber ( Lara M .  and 

Morales A . , 1978 ) . 

The projected consumption levels for 1978-1987 in Table II-6 were 

determined by using correlations wi th economic indicator s such as the 

Gross Domestic Product ( Producto Interno Bruto) ( PIB) and wi th other 

industr ies such as auto , truck , and tire production . It is  assumed that 

the rate of population growth will diminish to about 2 . 7  percent by 1982 

and that in future years i t  will be even lower . It  i s  also assumed that 

in the future the PIB will regress to growth rates s imilar to those pr ior 

to 1976 : an average of 7 percent ( Lara M .  and Morales A . , 1978) . 

Synthetic rubber consumption i s  expected to cl imb to over 2 2 5 , 000  

tons by 1990 . Taking into account future natural rubber consumption as 

indicated by the two alternative natural rubber proj ections repor ted by 

CIQA (1 9 79 ) , total Mexican rubber consumption can be expected to be 

be tween 315 , 000  and 365 , 000  tons by 1990 . Thi s  latter f igure represents 

an annual increase of almos t 10 percent, exceeding the 7 . 9  percent growth 

r ate proj ected by Gr Hli et al . ( 1978 ) for developing countr ies between 

1976 and 1990 . Projections of Mexican natural rubber consumption between 

1 979 and 2000  at growth r ate s of 5 percent, 7 percent,  and 10 percent are 

given in Table 1 1-7 , based on f igures proposed in the National Industr ial 

Development Plan. 
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Year 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

TABLE II-7 

. 'MEXICAN NATURAL RUBBER CONSUMPTION PROJECTIONS* 

1979-2000 

Total Demand ( Metric Tons) 

5 Percent 7 Percent 
Growth Rate Growth Rate 

5 3 , 219 54 , 233  

5 5 , 880 58 , 0 29 

58 , 674 6 2 , 091 

61 , 608 66 , 438  

64 , 688 71 , 088 

67 , 922 76 , 06 5  

71 , 319 81 , 389 

74 , 884 87 , 086 

78 , 629 93 , 18 2  

8 2 , 560  99 , 705  

8 6 , 688 106 , 6 84 

91 , 023 114 , 152 

95 , 574 122 , 143  

100 , 352  130 , 693  

105 , 370  139 , 842  

110 , 638 149 , 630  

116 , 171 160 , 105 

121 , 979 171 , 3 12 

128 , 078 18 3 , 304 

134 , 4 82 196 , 13 5  

141 , 206  209 , 864 

148 , 266  224 , 55 5  

* Based o n  1978 natural rubber consumption o f  50 , 68 5  tons . 
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10 Percent 
Growth Rate 

5 5 , 754  

61 , 329 

67 , 4 62  

74 , 208 

8 1 , 629 

89 , 7 92 

98 , 771 

108 , 648 

119 , 513 

131 , 464  

144 , 6 10 

159 , 071 

174 , 978 

192 , 4 76 

211 , 724 

232 , 896  

256 , 186 

281 , 804 

309 , 98 5  

340 , 983  

375 , 0 82 

412 , 590  



I I I .  GUAYULE TECHNOLOGY 

A di scussion of Mexican guayule wi ldstands and the agr icultural and 

i ndustrial aspects of guayule technology are presented in thi s chapter . 

A.  Ecology of Guayule 

The climatic condi tions in the region in which guayule occur s 

naturally and the relationship between guayule growth and climate and 

soils are di scussed in th i s  section .  

1 .  Relation to climate : Guayule i s  native to a n  arid and semiar id 

reg ion . The climate affecting guayule in i ts native range , as discussed 

by Bullard ( 1946a) , is summar ized below and may help expla in the 

impor tance of climate as a factor in commercial guayule production. 

The mean annual rainfall in the region var ies from 8 inches to 15 

inches . In extremely dry year s ,  there may be as li ttle as 2 inche s ;  in 

we t years ,  highs of 25  inches have been recorded . Rainless per iods 

extending for four months are common ; drought per iods may extend as long 

as  seven months .  Rainfall gener ally i s  b i seasonal , peaking dur ing the 

spring and fall , although in some areas approximately 90 percent of the 

rain occurs in the summer and fall,  with li ttle dur ing the winter and 

spr ing . 

Seasonal and diurnal temper ature var iations in the guayule region 

are fai r ly broad . Maximum temperatures of 1150F and minima of 150F have 

been recorded . However ,  the climate i s  comparatively moderate , and no 

cold season exists in much of the area . The warm season is  the wet 

season; winter and early spr ing ar e  dry and sunny , so guayule on southern 

slopes often is not exposed to extreme cold. Dry winds occur dur ing the 

winter , but dur ing the growing season humidi ty is rather high. 
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Guayule grows in i ts na tive hab i tat with as l i ttle as 8 inches mean 

annual rainfall , but runoff from slopes provides add i tional moi s ture .  

Runoff and ' percolation from higher areas can increase effective rainfall 

moi sture by as much as 50 percent . Guayule does not grow rapidly in its 

native hab i tat;  more moisture would be requ ired if  tonnage had to be 

grown qu ickly for commercial product ion . Guayule roots extend to depths 

of 20 feet or more ,  if moisture is ava ilable at that depth , and 

ultimately deplete soil moisture nearly to that depth if rainfall is  

insuff ic ient.  

Cold injury to guayule i s  related to growth act ivi ty in the plant 

in response to available soil moisture . High soi l  moi s ture , in i tself , 

appear s to be no hazard to dormant plants , but injury results when 

favorable growing temperatures and available soil moisture gener ate shrub 

growth j us t  before the onset of c r i tical cold per iods . The extent of the 

inj ury i s  inversely related to the degree of dormancy . In Texa s ,  dormant 

plants on some test plots withs tood temperatures of lOF to 40F without 

appreciable injury , whi le on other plots cons iderable damage occur red at  

temper atures of  140F and 150F .  Severe injury k ills guayule plants 

outr ight ,  but recovery from moderate cold inj ury is usually rapid.  Minor 

inj ury does not seem to impair shrub v igor . When cold temperatures cause 

defoliation ,  new leaves are produced earlier and in greater abundance 

than on undamaged plants . 

2 .  Phys iography and soil requirements : Lloyd ( 1911)  has descr ibed 

in some detail the phys iographic and soi l  characte r istics of the guayule 

native hab i tat .  His descr iption is summar ized in the following 

paragraphs . 

Guayule grows on the high plateau of Mex ico , which i s  broken up into 

var ious mountain ranges separ ated by wide , flat valleys or " bolsone s . " 

The middle reaches ( playas) of these valleys are near ly level and have a 

deep , fine , alluvial soil conta ining a vast amount of available moi sture .  

The re a re  extensive areas within the flats where salts have accumulated 

and where the salt-bushes ( Atr iplex sp . ) are the only vegetat ion . 
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A low gradient slope extends from the per iphery of these alluvial 

plains to the foothills of the mountain r idges . The soil of the 

footslopes i s  gravelly , becoming more and mor e stony as the foothills are 

approached .  The soil i s  frequently very shallow and may be conf ined to 

the crevices of the underlying rock . In the hills , the edge s of the 

str ata are often exposed and the vegetation grows only in the intervening 

f issures . 

Of the species of Par thenium found in the region , guayule i s  

conf ined to the footslopes and foothi lls , and i s  abundant in hills below 

7 , 000 fee t in elevation .  It is generally bel ieved to be more  abundant on 

the south slopes .  Guayule i s  an "edaphic"  species , found only where the 

ground is stony, although a few i solated plants may exi s t  in the alluvial 

plains . On the other hand , mar iola ( Parthenium incanum) and the annual 

species f. hysterophorus grow in abundance in the f ine soil of the plain,  

and mar iola i s  also commonly associated wi th guayule on the footslopes 

and hills . Thi s  association of guayule and mar iola frequently mi sleads 

the inexperienced observer in es timating the amount of guayule which may 

be found in a given area . 

Local guayule di str ibution may be strongly affected by competing 

species . Table III-l lists species identi f ied as compet i tors by Muller 

( 1 9 4 6 )  and as possible competitor s by Alder and Ostler (1980) . All these 

plants are often associated wi th guayule . 

Li ttle i s  known of germination requirements in wildstand guayule , 

but germination i s  the cr i tical stage in the l i fe of a plant.  Seed 

survival seems to be greatly enhanced by nur se plants , non-competing 

older plants that provide a cooler , more moi s t  microclimate and physical 

protection. Guayule grows slowly , especially in i ts f i r s t  year , a tra i t  

wh ich i s  di sadvantageous t o  a plant competing for a very limited water 

supply . Guayule i s  probably a poor competi tor , and thi s  may be the 

pr imary factor l imi ting i ts local distr ibution ,  not abiotic factors such 

as soil (Alder and Ostler , 1980) . 
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TABLE I I I-l 

POSS IBLE GUAYULE COMPETITORS 

Prevalent Spec ies Identified 
as Competitor s (Muller , 1946 
in Alder and Os tler , 1980)  

Agave lechuguilla 

Par thenium incanum 

Bouteloua cur tipendula 

Er ioneuron pilosum 

Bouteloua grac ilis  

Tiqu illa mexicana 

Tr idens pulchella 

Ar ist ida purpurea 

Tiqu illa gregg i i  

Stipa eminens 

Jatropha dioica 

Source : Alder and Ostler , 1980 
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poss ible Competitor s Highly 
Assoc iated with Guayule 

Dyssodia setifol ia 

Dyssodia pentachaeta 

Z innia acerosa 

Agave lechuguilla 

Dermatocarpon lachneum 

Euphorbia anychioides 

Mimosa b iunc ifera 



B.  Wilds tand Distr ibution 

The distr ibution of native s tands of guayule in Mexico is shown in 

Figure II I-I . The nor thern l imi t of guayule di str ibution i s  in the 

uni ted S tates , in the southwestern par t  of Texas , in Pres idio,  Brewster , 

and Pecos Counties ( Lloyd , 1911) . 

Guayule i s  restr icted to the Chihuahuan de sert .  In  Mexico i t  grows 

only in the nor thern por tion of the central plateau , in parts of the 

s tates of Chihuahua , Dur ango, Nuevo Leon , Zacatecas ,  San Lui s  Potosi ,  and 

in scattered locations over the whole state of Coahuila . About 1 0  

percent of thi s  130 , 000 square mile ( 290 , 000 square k i lometer )  area 

supports guayule stands . 

In 194 2 ,  O . D .  Hargi s  prepared a repor t for the ERP on Mexican 

guayule based on data supplied by the Continental Mexican Rubber Company . 

He divided the area into two categor ies : states where there are 

extensive guayule f ields , which he des ignated as the ' Good Zone ' ;  and 

s tates where the shrub is found in smaller and varying amounts , or the 

' Poor Zone ' . 

The Good Zone , as descr ibed by Har gi s ,  compr i ses the following 

areas : 

Coahuila . The lower por tion of the state , beginning at a point 

south of the towns of Monclova and Cuatrocienegas .  

Nuevo Leon . The southern par t  of the state , beginning at the border 

of Coahuila nor th of San Lui s  Potos i .  

San Lui s  Potos i .  The extreme nor thern par t of the state . 

Zacatecas . The nor thern por tion of the state . 
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Durango. Approx imately the eastern third of the state , the line 

running just east of the c i ty of Durango.  Guayule plants are  not found 

in all of Dyrango,  but usually grow on the slopes and tops of l imestone 

hills , and in some places on the flatter lands . In thi s  area fields are 

more widely di str ibuted , and plants have a higher dens i ty per uni t of 

area . 

Guayule exi s ts outs ide the above delineations , usually in small 

i solated patches ,  in some caseS far from water , and in areas wi th poor 

roads or transpor tation faci li ties . Consequently , thi s  guayule i s  

difficult and expensive to exploi t .  Th i s  Poor Zone i s  located i n  the 

nor thwestern par t  of Coahuila and the eastern par t  of Ch ihuahua , as 

descr ibed below . 

Coahuila . The area , nor th of the Good Zone , usually referred to as 

the Cuatrocienegas area . The best fields are near the villages of 

Zaragoza and Playas in the nor th central par t .  Guayule also exi s ts in 

smaller quanti ties east of thi s  line ,  toward the Texas border . 

Chihuahua . Guayule in Chihuahua i s  l imi ted ,  and largely conf ined to 

two area s .  One of these i s  south and west of the town of Cj inaga ( or 

Presidio in Texas) . The best f i elds are around the village of Marquez . 

The rubber y ield of shrub in th i s  area i s  repor tedly low. The other 

guayule area in Chihuahua is in the southeastern par t  of the state , the 

general area shown on maps as the Bolson de Mapimi . 

Several more recent,  localized guayule di str ibution and inventory 

studies include a 1974 study by the National Insti tute for Forestry 

Research ( Inst i tuto de Inves tigacione s Fores tales)  ( INIF) of a por tion of 

the Cuatrocienegas region in Coahuila and by the National Commi ssion on 

Ar id Zones (Comi sion Nacional de las Zonas Ar idas) (CONAZA) of two other 

areas in Coahuila : approximately 2 4 0 , 0 0 0  hectares in the Cuatrocienegas 

region in 1976 and 2 . 3  million hectares in the Agua Nueva reg ion in 1977 . 

In 1979 CIQA and Native Plants Inc . of Salt Lake City ,  Utah , U. S . A. , 
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under took a joint s tudy of 1 . 6  mill ion hectares in the Agua Nueva reg ion , 

encompass ing portions of Coahuila , Nuevo Leon and Zacatecas .  The ir 

objective ' was to determine plant commun ity ecology and update previous 

inventor ies through the combined use of satellite imagery and f ield 

inves tigation of 65 macroplots in the area . In 1980 Native Plants Inc . , 

cooperat ing with CIQA and CONAZA, under took a study to determine the 

d istr ibution and stand ing crop of guayule near Saltillo . The 7-mill ion 

hectare study area centered near Cedros , in the state of Zacatecas ,  and 

included por tions of Coahuila , Nuevo Leon , Durango , Zacatecas ,  and San 

Lu is Potos i .  Maps from Landsat data were gener ated for the entire study 

area except for small por tions where Landsat data were not available . 

Results showed guayule present on approximately 570 , 000 hectares .  A more 

de ta iled , quantitat ive descr ipt ion follows in the next section . 

C .  Wildstand Biomass and Susta ined Yield 

l .  

stand ing 

Shrub estimates : 

biomass of guayule 

The histor ical 

include f ield 

sources of information on 

estimates by var ious u . S .  

researche rs  in Mex ico and Mexican rubber company records of quantities of 

rubber actually produced . Current estimates of standing shr ub are based 

on a recent ser ies of detai led Mexican reg ional surveys of guayule shr ub 

made by CONAZA, INIF, CIQA, and Nat ive Plants Inc . , referred to in the 

previous section ( Table 1 1 1-2 ) . The shrub estimates are not str ictly 

comparable due to the lack of a standardized survey ing and repor ting 

method . 

F . E. Lloyd was commiss ioned by a rubber company in Mex ico in 1907 to 

investigate guayule . He continued his f ield wor k  in Mexico for several 

year s with suppor t from the Un ited States Rubber Company , and the results 

of his work  were publ ished in 1911.  He estimated that there were 250 , 0 00  

tons of  wild guayule shrub in Mexico at that time , or  one-half the total 

shrub growing in Mex ico be fore extens ive harvesting began in the early 

1 9 00 s .  
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LV 
� 

Report 
Publ icat ion 
Date 

1911 

1942 

1942 

1942 

1943 

1974 

1976  

1977  

1978  

1981 

Source 

Lloyd 

Hargis 

McCallum 

Cooperr ider 

& Culley 

" 

INIF 

CONAZA 

CONAZA 

CONAZA 

Native Plants 
Inc . 

TABLE I II-2 

ESTIMATED GUAYULE SHRUB BIOMASS 

1911-1981 

Shrub Quanti ty 
(Metr ic  Tons ) 

250 , 0 00 

213 , 4 50 + appreciable amount 

Not more than 1/8 amount 
present in 1910 

198 , 0 03  

6 7 , 215 

8 3 , 684 

1 , 2 40 

2 59 , 698 

2 2 2 , 2 50 

303 , 8 08 

462 , 087  

406 , 277 

1 , 527 , 000  

2 , 2 00 , 00 0  

Comments 

About one-half of or iginal amount present 
before intens ive harvest 

Includes mature shrub only on pr ivate land 

Except for Du rango , only a small fraction of 
shrub present in 1910 

Coahu i la 

Nuevo Leon 

Zacatecas 

San Lu i s  Potos i 

Merchantable shrub in entire guayule region 
in Mex ico 

Merchantable shrub with reasonable access 

Cuatroc ienegas region 

Cuatroc ienegas region ( not includ ing area in  
1974 estimate ) 

Salti llo region 

Zacatecas ( not including 1977 estimate ) 

Parts of Coahu i l a ,  Nuevo Leon , Durango , 
Zacatecas , San Lui s  Potosi ( 7  mill ion ha) 

<--------------- ---_. 



W . B .  McCallum ( 19 4 2 ) , long-t ime botanical scientist with the 

Intercontinental Rubbe r Company , spent two months in Mes ico revisit ing 

g uayu1e growing areas he had studied earlier . He estimated that in 1942 

only an e ighth of the shrub tonnage rema ined that existed there fn 1910 . 

I n  many places where guayu1e once had been abundant , it  was virtually 

gone . 

stands . 

The only except ion was in Durango , where he found some good 

Hargis  ( 1 9 4 2 )  repor ted to the U . S .  Department of Agr iculture the 

Inte rcontinental Rubber Company claim that the Continental-Mex ican Rubbe r 

Company and Cia . Hu1era de Parras , S . A . , had cur rent contracts for 

164 , 950 met r ic tons of shrub . They estimated that 48 , 50 0  met r ic tons 

were still available for contrac t .  According to Harg is ' repor t ,  the 

ava i lable shrub at that time totaled 213 , 450  met r ic tons . However ,  the 

total biomass of guayu1e in Mexico was probably considerably 

underestimated due to three factor s :  1 )  only pr ivate land for which 

guayu1e contracts could be made was included in the inventory estimates � 

2 )  small isolated patches deemed too small or remote to harvest 

economically we re exc1uded � and 3 )  only mature shrubs , those with a 

ground-level stem diameter greater than 2 centimeters , or the field 

measure the s ize of a man ' s  thumb , were counted . Gove rnment and communal 

land accounted for about 5 to 6 percent of the area reported by Hargis to 

be in the Good Zone for guayu1e harvest and conta ined "an appreciable 

amount of guayu1e " (Harg is , 1942) . 

Not satisf ied with the Harg is  report , as it  was based pr incipally on 

informat ion provided by the Continental-Mexican Rubbe r Company , the U . S .  

Forest  Service sent C . K .  Cooperr ider , an ecologist , and Matt J .  Culley , 

an expe r ienced range technician , to obtain informat ion based both on 

company est imates and field surveys . The ir f inal estimate (Cooperrider , 

194 3 )  was 222 , 250 metr ic tons of shrub ava i lable on areas with fair to 

good accessibility .  Th is  was 8 , 800 metr ic tons more than the est imate in 

the Hargis  repor t .  When sca ttered s tands and those with poor 

accessibility we re included , the total they reported was 259 , 000 metr ic 

tons , 4 4 , 000  tons more than the Harg is estimate . 
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INIF and CONAZA conducted surveys in the Cuatroc ienegas reg ion in 

the middle 1970s us ing aer ial photographs and f ield surveys . They 

repor ted an estimated 766 , 000  metr ic tons of guayule shrub ( Tables 1 1 1-2 

and I I I-3 ) . Using the same methods CONAZA surveyed the Saltillo reg ion 

and Zacatecas ( Table II I-4 ) . They repor ted an estimated 1 .  9 3  mill ion 

metr ic tons of guayule shrub. Combining these estimates g ives a total 

estimate of 2 . 7  mill ion metr ic tons of guayule biomass exist ing in 

Mex ico. 

Native Plants Inc . ( 1981)  estimated shrub biomass in a 7 mill ion 

hectare ( 1 . 7  mill ion acre)  circle centered at Cedros , Coahuila , by 

combining a computer analysis of Landsat satell ite imagery with field 

dens i ty and cover estimates . The computer analysis provided a summary of 

hectares of land with several classes of guayule shrub cover .  The total 

guayule biomass in the study area was estimated by multiplying the 

estimated shrub weight per hectare of each des ignated cover class by the 

number of hectares in each cover class . Shrub we ight per hectare for 

each cover class was determined by f ield measurements of shr ub cover and 

we ight .  The estimates depend on  the computer- identif ied areas of  guayule 

di str ibution and limi ted f ield checks on guayule distr ibution and 

density .  The ir estimate of 2 . 2  mill ion tons of shrub is probably an 

overestimate . 

2 .  Sustained yield estimates : Although it  is  impor tant to have 

good estimates of ava ilable guayule shrub , it is perhaps more cr i tical to 

the long-range prospects of a guayule industry based on wilds tand harvest  

to know how much shrub can b e  harvested without deple ting the population 

or destroying i ts ability to replace harvested shrub . Compared to the 

number of estimates of s tand ing biomass , there have been few attempts to 

predict the long-term susta inable yield from wildstands . Harg is ( 1 9 4 2 )  

estimated sustained shr ub yield for f ive states and two sec tions o f  

Coahu i la ( Table I I I-S ) . Based on the information i n  the Harg is  repor t ,  

the total sustainable product ion for all o f  Mex ico was approximately 

2 7 , 000  tons per year . Harg i s ' sustained yield estimate was based on an 

as sumed 4- to S-year cycle for natural regeneration . 
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TABLE I I I-5 

GUAYULE SHRUB SUSTAINED YIELD ESTIMATES 

Source Location Tons 

Harg is ( 19 4 2 )  Chihuahua 800-1 , 000  

Coahuila 5 , 500 

Dur ango 10 , 0 00  

San Luis  Potosi 5 , 000 

Zacatecas 5 , 000  

Nuevo Leon 1 , 200 

Guayu1e Reg ion Total 27 , 700 

Polhamus (1941)  Guayu1e Reg ion 7 , 000* 

Hectares T/Ha 

CONAZA ( 197 7 )  Saltillo Reg ion 3 3 , 6 74 1 . 71 57 , 611 

CONAZA ( 19 7 6 )  Cuatrocienegas 37 , 144  1 . 56 57 , 761 

INIF ( 19 7 4 )  Cuatroc ienegas 19 , 362  1 . 44 27 , 976 

Cuatroc ienegas 56 , 506 8 5 , 736  

TOTAL 90 , 180 143 , 347 

Ander son ( 1980 )  Cedros 
Mazapil Reg ion 30 , 000  

* Short  tons 
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CONAZA studies in the mid 1970s produced estimate s much higher than 

those in the Hargis  repor t ( Tables 11 1-5 , 1 1 1-6 , 1 1 1-7) . CONAZA ' s  

estimate of annual sustained harvest in the Saltillo area is  based on 

natur al regeneration and an annual harvest of one-seventh of the total 

e stimated shrub ( Table I I I-6) . Thi s  area alone i s  expected to yield 

annually more than 57 , 450  tons of shrub . In the susta ined harvest 

e stimates of the Cuatrocienegas reg ion, both CONAZA and INIF studies 

assume that one-e ighth of the total shrub is  harvested each year ( Table 

1 II-7) • The total annual sustainable harvest in Mexico i s  e stimated to 

be about 143 , 00 0  tons of shrub ( Table I I I-5 ) . 

Ander son ( 1981)  has estimated that the maximum sustainable yield 

from wi ldstand harvest in the Cedros reg ion is  no more than 3 0 , 00 0  tons 

per year . Th is  est imate is  based on several mathematical models of 

biomass accumulation . Because Ander son que stions the appropr iatene ss of 

a number of the assumptions on which the model is based, this  estimate , 

like the othe r s ,  must be considered an approximation until  deta iled f ield 

studies dur ing harvest provide adequate data . 

Implicit in susta ined yield est imate s is  the as sumpt ion of a 

predictable growth rate for guayule shrub ,  a known population age 

structure , and a sufficiently high replacement rate to ma intain 

r eproduction .  Field data to suppor t these assumpt ions are minimal.  

Another indicator of guayule populat ion response to harvest can be 

found in rubber production records . Table 1 1 1-8 is a 4 1-year record of 

rubber production in Mexico. Production var ied cons iderably and appear s 

to have responded strongly to changes in rubber demand and pr ice . Harg i s  

( 19 4 2 )  reported that rubber extract ion was very low i n  the ear ly 

production years but increased to an average of 14 to 16 percent. Over 

the entire per iod the average extract ion of rubber was 10 percent of 

shrub f ie ld we ight.  A rough est imate of  the weight of shr ub harvested to 

produce thi s  rubber can be made by mult iplying year ly rubber production 

by 1 0 . Ten tons of shrub would y ield 1 ton of rubber . Based on this 

shrub-to-rubber ratio , the estimated year ly harvest average over the 

4 5  
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per iod from 1905 to 1945 is  slightly less than 3 0 , 000  me tr ic tons of 

shrub . Hargis repor ted that there was a marked and continual reduction 

in guayule pOpulations from 1910 to 1942 . At the end of 1945 the Mex ican 

guayule stands were left near ly des troyed ( Velazquez et al. , 1978) . Wha t  

other factors contr ibuted to population decline is  not known , but it  

seems unl ikely that any other factor could have had an  effect wi th a 

magni tude equal to the impact of harvesting . 

There are several factors that must  be cons idered in compar ing these 

shrub harvest figures to cur rent sustainable yield estimates : 

• The boundar ies of the areas included in the pre-1970s 

repor ts are not preci sely defined , although i t  seems 

l i kely that the reported rubber production came from 

shrub s  in the southern guayule reg ion where most of the 

processing plant capaci ty exi sted . Thi s  may exclude much 

of the nor thern Cuatrocienegas r eg ion . 

• Rubber weights repor ted by Harg is  included substantial 

amounts of resin and contaminants.  Resin may have 

consti tuted 2 0  percent of the total rubber weight.  Thi s  

would inflate the apparent shrub weight calculated from 

rubber-to-shrub ratio. 

• Extraction efficiency of the pebble mills was much lower 

than current methods . As much as one-quarter of the 

rubber was di scarded in the bagasse , whereas modern 

methods remove 90 percent of the rubber in the shrub . 

Fewer shrubs would be needed today to produce a ton of 

rubber assuming the same percentage of rubber in the 

shrub .  

• Growth and reproductive rates o f  guayu1e vary greatly 

depending on rainfall and temperature . There is  Ii  ttle 
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detailed climatic data for the guayule reg ion and most of 

what is known regard ing the reg ional cl imate is der ived 

from recent data . 

Perhaps only one f irm conclus ion can be dr awn from this  review of 

b iomass and sustained yield est imate s .  There are still no unequivocal 

estimates of standing shrub b iomass or the amount of shr ub that can be 

harve sted annually without depleting guayule stocks faster than they can 

regenerate . Natural stand harvest should be approached with caution 

until more is known about its effects on guayule populations . It  would 

be prudent, in order to prevent overharvest,  to assume that low 

sustainable yield estimate s ,  about 3 0 , 0 0 0  metr ic tons of shr ub per year , 

are closer to the actual amount than are the much higher estimate s .  

Anderson ( 1981)  made several good recommendations for obta in ing more 

accurate susta ined yield estimates : 

• attempt to reconc ile exist ing recent b iomass and yield 

estimates , 

• per form carefully des igned and monitored harvesting 

exper iments , 

• mon itor regeneration in control plots in harvest areas , 

and 

• continue population and ecolog ical studie s .  

3 .  Management techn iques :  Commerc ial rubber production us ing wild 

guayule would enta il cons ider able organization and coordinat ion of 

harvesting , shrub handl ing , and transpor tation . To ensure a long-term 

supply of guayule , reforestation and manipulat ion of the wilds tands would 

probably be necessary. 

a. Harvesting : Current th ink ing as sumes that only plants over 25  

centimeters  h igh will b e  harvested . Alder and Ostler ( 1980 )  repor ted 

that guayule plants reach about 25 centimeters in approximately six to 

5 0  



seven years , and that the growth rate of plants over three years old 

should be sl ightly less than 6 centimeters per year . Lloyd ( 1911)  

bel ieved that plants less than 30 centimeters high could not be harvested 

economically; but recommended a min imum harvest he ight of 40 centimeters . 

Lloyd ( 1911)  provided a more deta iled analys is  of growth in wild 

plants .  Growth in the first  year averages about 0 . 8  centimeter s .  

Between two and five year s ,  growth rate is about 3 to 3 . 8 centimeters per 

year , but Lloyd bel ieved the long-te rm growth rate is closer to 3 

centime ters  per year . At this rate it would take a plant over eight 

years to grow 25 cent imeters , the cur rent min imum recommended height fo r 

harve s t ,  and more than ten years to reach 4 0  centimete r s ,  Lloyd ' s  

recommended minimum harvest s i ze . Lloyd also concluded that the increase 

in shrub we ight from the tenth to fifteenth year was as great as in the 

f i rst ten years . The max imum economic efficiency of the plant growth 

generally occurs between heights of 3 0  and 40 centimeters in plants 

between ten and fi fteen years  old . Lloyd , therefore ,  suggests a harves t 

rotation per iod of fi fteen year s .  The advantage of th is is not only in 

the growth of the plants already there , but also in the greater seed 

production of mature plants . 

One should use caution in applying these time 

relationships when estimating stand regenerat ion time . 

Cully ( 1942 ) noted that dur ing periods of excessive 

and growth rate 

Cooperrider and 

drought guayu1e 

stands may lose many plants and individual plants may grow poorly . 

Dur ing favorable year s plant growth and regenerat ion may be rapid . 

A potential problem in long-term harvest rotation is the present age 

di str ibution of wildstands . Alder and Ostler (1980 )  repor ted that only 

23 percent of populat ions sampled were under 25 centimeters in height . 

Lloyd ( 1911 ) sampled nine 100 square meter quadrants and found that the 

percentage of plants under 25 centimeters varied from 3 percent to 73  

percent , but in only two samples was the percentage of small seedl ings 

substantially more than 25 percent . Unless  there were cons iderable 
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germination and good survival of seedlings , or growth from underg round 

lateral roots , new plants would not replace those harvested at the end of 

the seventh or eighth year cycle , and the supply of young plants would 

not be suff icient for a seven- or e ight-year harvest cycle . 

If  plants less than 2 5  cent imeters high were left dur ing the first  

harvest , they would be  about 40  to  50  centimeters tall in  another seve n 

years , with a we ight of about 400  grams . In the sample s ava i lable , 

however ,  Alder and Ostler ( 19 8 0 )  reported an insuffic ient number of thi s  

s ize class to provide enough shrubs for the second harvest . Therefore , 

it would be necessary to leave some plants over 2 5  centimeters h ig h  

dur ing the f i r s t  harvest to ensure suffic ient tonnage for the second 

harvest under a seven-year harvesting cycle . 

Lloyd recommended that guayu1e be harvested by cutting at ground 

leve l .  Any portion remaining above the surface will die back and be an 

e conomic loss , s ince these par ts represent a subs tantial proportion of 

the we ight of the plants .  Cutt ing done with a sharp g rubbing-hoe is a 

method that is easy for the worker s and contributes to the preservat ion 

of the s tand of plants .  New shoots usually grow from many of the parts 

left in the ground . These shoots will flower dur ing the first season 

following the harvest ,  producing seeds which will help to repopulate the 

a rea . 

I f  the shrub is  to be pulled , rather than cut , the eas iest time to 

harvest is while the g round is still soft from the rains and when wate r 

i s  relatively plenti fu l .  However ,  this is the least effic ient time to 

harvest guayu1e in regard to shrub transport and storage because there is 

increased shrub bulk and water content without a concurrent increase in 

rubber content .  

Guayu1e wildstand harvest ing will probably be conducted much a s  it 

was in the pas t .  Lloyd states that the usual arrangement for harvest ing 

the shrub in a par ticula r region was to contract with local agents . 
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Work ing condi tions were often severe because of the great distances 

i nvolved and lack of water . It should be noted , also , that the months of 

october through January are very cold in the guayule reg ion , a fact that 

would make guayule harvesting dur ing those months a real hardship for the 

wor kers . 

Harvesting was done by workers who pulled the shr ub , t ied it  into 

bundles , and transpor ted the guayule by burro to a neighbor ing "campo de 

guayule , "  a f ield-center of operat ions . Typical loads were two to three 

bundles with total weights of 70 to 80 ki lograms (150  to 175  pounds )  fo r 

pack haul s up to 7 or 8 k ilometers ( 5  miles ) . For shor ter hauls 9 0  

ki lograms could be loaded o n  the burros . The shrub was we ighed and dried 

at the camp to prevent mold before bal ing in handpresses (Cooperr ider and 

Cully , 1942 ) . 

A person could pull 3 60 to 400  kilograms per hour ( 8 00 to 900  

pounds )  in a good stand , but 130 to 180 ki lograms (300  to 4 0 0  pounds)  was 

the usual amount . Two men with five to ten bur ros could pull and del iver 

6 80  to 1 , 13 5 k i lograms of shrub ( 1 , 50 0  to 2 , 500  pounds)  pe r day 

(Cooperr ider and Cully , 1942) . But it was some times diff icult to get as 

much as 100 kilograms per worker per day as the shrub stands were  

thinned . The work  force often cons isted of whole families , including the 

children . Payment was based on field weight of shrub del ivered . 

b .  Handling and transpor t :  Guayule collection centers i n  the past  

were located at var ious points wi thin the guayule harvesting area , wi  th 

access to large guayule stands and accessible to the processing plant . 

At these centers the shrub was pressed into 100-kilogram ( 2 20-pound ) 

bale s .  Four workers , using two presses , could make fi fty 100-kilogram 

bales per day . Bales were loaded on trucks for transport to the 

processing facility (CONAZA , CONACYT , and CIDER , 1979) . 

The quantity of harvested guayule brought to the collection center s  

tended to b e  var iable due to distances involved , var iations in stand 
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dens ity , and ava ilabil ity of transpor t .  In addi tion , some of the unpaved 

roads in the area were , and st ill are , at times impassable dur ing the 

rainy season . The time requ ired for transport from f ield to factory 

var ied from a few days to seve ral weeks . To insure continuous factory 

operation , la rge amounts of baled guayu1e were stored at the factory . 

Guayu1e harvest ing operat ions of the Inte rcontinental Rubbe r Company 

i n  Cal i fornia from about 1928 to 1940 were somewhat d ifferent from the 

pract ices followed in Mex ico . Usually guayu1e was harvested by digging 

and sunned for varying per iods of time , usually f ive days . The shrub was 

then ground and hauled by truck to the factory where the cut up shrub was 

stored in large bins . The re are problems with this method : the 

necess i ty of handling small pieces of cut shrub , and the diff iculty of 

removing the fol iage later by parboil ing . Also , the chopped shrub must 

be protected from oxidat ion . 

s torage (Foster et  a1 . , 1979 ) . 

I t  tends to dete r iorate rapidly dur ing 

Dur ing the ERP , cult ivated shrub was harvested by digging , f ield 

cured about f ive days , then baled and trucked to the factory . Field 

curing resulted in moisture loss and reduced shrub we igh t .  Cur ing and 

storage were cons idered essent ial for comple te latex coagulation before 

the plant mater ial was milled . Research at the U . S .  Natural Rubber 

Research Stat ion after World War I I  found that this method of handling 

the harves ted shrub was not only unnecessary , but unde s i rable . 

Coagulation of the latex can be obta ined by other means . 

Rubber accumulat ion in guayu1e is usually greatest in cool 

weathe r or under reduced moisture conditions . However ,  because rubbe r 

rema ins indefinitely and unchanged in the live shrub once the rubber is  

formed , guayu1e can b e  harvested for rubber at any time dur ing the year . 

c .  Reforestat ion and man ipulation : Lloyd ' s  harvest ing recommenda-

t ions contain a suggest ion by Escobar ( 1910 , cited in Lloyd , 1911) tha t 

after cutting , a shallow depress ion be made in the so il around the 
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rema ining root to catch r unof f ,  thus increas ing the water supply. 

Fur ther water harvesting operations such as terracing or furrowing .along 

contour lines  to hold back r unoff are also r ecommended. 

In discussing removal of competing vege tation in the guayule area , 

Lloyd r epor ts exper iments that involved an area of about 75 acres that 

were cleared of all vegetation except guayule , the f iber-producing 

"palms " ,  Yucca carnerosana , and a few large species of cacti that 

occupied little area and did not constitute an aggressive element in the 

vegetation . The land clear ing operation loosened the top layers  of soi l ,  

and deeper layers i n  some spots . The purpose was to remove competi tion 

from other plants that frequently consti tute a real threat to guayule . 

Thi s  competition relates especially to the water content of the soil . 

Unless the vegetation removal permi ts greater r unoff ,  i t  should make more 

water avai lable to the guayule plants and thus enhance growth . However , 

a much greater growth i s  correlated wi th r educed activity in r ubber 

accumulation, ei ther directly or by reducing the volume of the rubber 

bear ing tissue s .  

I t  i s  impor tant to know what effect vege tation removal has upon the 

crop of seedl ing s .  Germination may be adver sely affected by reducing the 

number of " nur se plants " that provide more favorable microclimates for 

germination and early growth . The evidence repor ted by Lloyd appear s  to 

favor the clear ing of the land : the number of seedlings in the cleared 

area was far greater than elsewher e .  

According to Alder and Os tler ( 1980 ) , guayule i s  a poor competi tor . 

Hence , its distr ibution is  limited pr imar ily by competition and not 

abiotic factor s .  Th i s  sugge sts that the range of guayule can be extended 

into s i tes wi th sui table soil s ,  near its native r ange , by removing 

competing vegetation and seeding or tr ansplanting guayule onto these 

s i tes . It  appear s that continual harvest of wild guayule could not be 

susta ined on a long-term bas is  if there were  no reduction of competitive 

species or replacement of guayule , by seeding or transplants . Alder and 
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Ostler make the following recommendations to ensure a sustained 

population . 

1 .  The land should rece ive some treatment after the harvest.  Two 

types of treatment seem par t icularly impor tant : removing 

compe ti tion ,  and seeding or tr ansplanting seedl ing s .  These 

treatments may be used together , or the same results might be 

accompl ished us ing only one . Both of these treatments need 

fur ther investigation . 

2 .  I t  appears that guayule can be grown outs ide its cur rent range 

in soil conditions that are favorable and where competit ion is 

removed .  Suitable soils should b e  identif ied. These soils 

should have good dra inage , fa irly low salts , and low clay 

content ( less than 22 percent) . Methods of removing competitor s 

and artif ic ial revegetat ion techn iques need to be studied on 

these s ites to determine the most  economically feas ible method. 

3.  Methods of both hand and mechanical cultivation to control weeds 

and competition , par t icular ly dur ing the first  and second years 

after planting , should be investigated. Dr ill seeding and 

planting in rows is the recommended procedure for better weed 

control in exper imental seeding and plantings . 

4 .  Competitor s other than those identified in native guayule stands 

should be determined as ear ly as pos sible in dryland plantings . 

Management practices can then be under taken to reduce these 

competitive spec ies .  

The effectiveness of dryland seeding , survival rate , and cost of 

seedl ing transplant are unknown . Removal of guayule competitor s involve s 

economic and policy cons iderat ions as well as ecolog ical cons iderations . 

Some guayule competitor s may be lechugu illa ( Agave lechuguilla) and 

candellia ( Euphorbia antisyphilitica) , species wh ich are also 

economically impor tant in rur al economie s .  
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The climatic and soil factor s impor tant in wilds tand refor estation 

are also impor tant in dryland farming . They are discussed in the 

following seqtion. 

D. Dryland Farming 

The amount of shrub available for commercial production may be 

s igni ficantly augmented through implementation of a multi-year program to 

introduce dryland farming of guayule . Thi s  would necessitate clear ing 

land and planting guayule as a cultivated crop .  There has been only 

limi ted experience in growing guayule as a dryland crop ,  pr imarily in 

west  Texas and Cal i fornia , in the Uni ted S tate s .  

1 .  Climate considerations : Cer tain climatic conditions and soil 

characteristics must be cons idered in both wi ldstand reforestation and 

dryland farming for commercial guayule production. 

The minimum annual precipi tation requirement for good guayule 

dryland cul ture is 15 inches ;  2 0  inches i s  prefer able where summers are 

very hot; and more than 25 inches would be unsati sfactory , especially if 

more  or less equally distr ibuted throughout the year . Rainfall 

distr ibution is important in guayule production . For good dryland 

culture ,  precipi tation at the beginning and dur ing the f i r s t  half of the 

growing season is desirable , as is a dry per iod of at least 2 months ' 

duration pr ior to the cold season . 

A bi seasonal precipi tat ion pattern seems to produce good yields of 

rubber when total precipi tation is  only enough to produce a gradually 

developing xer ic-type shrub . Dur ing the ERP program in the United States 

guayule grew year-round on non-irr igated farms in the high rainfall belt 

at the lower end of the Rio Gr ande Plain in Texas , where no marked 

drought per iods occurred and temperatures were high enough to permit 

plant growth . The rubber content of guayule grown in  thi s  region was 

usually low, except where mois ture competi tion was increased by closer 

plant spacing . 
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In some areas insuff icient ra infall may be augmented by other 

sources of mois ture .  On agr icultur al lands along the U. S .  California 

coast,  rainfall var ies between 10 inches and 15  inches , somewhat ' low for 

guayule . Summer fogs and night condensat ion in the area help maintain 

soil moisture and suppress dayt ime temperatures . While guayule did not 

grow as v igorously under these condit ions as in hotter area s ,  its growth 

was adequate and rubber production was very good . Guayule apparently has 

no pronounced seasonal growth adaptations or mechani sms and seems to be 

well adapted to a moderate environment. 

ERP exper ience demons trated that precipitat ion distr ibution , 

par ticularly individual storm frequency , affects plant establ i shment and 

surv ival in new plantations . Where drainage was poor , storm frequency 

and intensity were correlated with increased plant mor tal ity .  Plant ing 

was not succes sful when the soil was e i ther too wet or too dry , and it  

was most  apt to  succeed when accompl ished between storms . Sufficient 

r a infall after planting was found to be a necessity (Bullard 1946b) . 

Guayule grows bes t  when temperatures range between 900F and 100oF .  

The most  sui table cl imate for dryland guayule culture would be one with a 

mean annual temperature range of 560F to 620F and extreme minimum 

temper atures always above 150F .  Warm, dry Summer s  are conducive to 

growing guayule with a h igher rubber content , although max imum rubber 

product ion demands relatively low night temperatures.  Dayt ime 

temperatures from 6 50F to 8 00F comb ined with nighttime temperatures of 

3 50F to 4 50F promote satisfactory rubber accumulat ion in young shrubs . 

Ra infall adequacy for dry land farming cannot be completely expressed 

by mean annual precipitation , even when the seasonal distr ibution of rain 

i s  known . Rainfall var iability tends to be inver sely correlated with the 

total amount of annual rainfall . Thus , in semiar id and ar id areas where 

the amount of monthly ra infall is small , ra infall var iability tends to be 

h igh (Figure I I I-2 a-c) . Drought must  be recognized as a frequently 

occurring phenomenon in Mex ico and in de ser t areas in general (Steila , 
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Figure 111-2a Physiographic Regions in Mexico. 
Adapted from Leopold. 1 972 
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_ Mazapil  Reg ion 

Figure 111-2b Mean Annual Precipitation (mm) 
Adapted from White, 1960 

Figure III -2c 

• Mazapil  Region 

Interannual Variability of Annual Precipitation 
Adapted from White, 1 960 

Note: Isopleths depic t relative variability from year to year over the period 

1 9 1 9  to 1 953, expressed as a perc entage of the mean annual precipitation 

for that period. 
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1972 ) . Years may pass with li ttle more than 3 or 4 inches of rain at a 

given station , ye t a long-term average may show more than 10  inches of 

rain per year for the station (Dunbier , 1968) . This  often means tl:)at a 

good growth of nat ive plants wi ll be produced only one year in four or  

even one year in ten .  Dur ing a ten-year period in one desert area 

studied , biomass production in the best  year was as much as five times 

the production in  the worst year (Sher idan , 1981) . 

Di sease incidence in guayule is  affected by temperature . Expe r ience 

in ERP plantations showed that cotton root-rot is most severe in hot , 

humid weather , or after i r r igation in hot weather .  Vert icillium wi lt  

became ser ious in  spr ing and fall when temperatures were near 700F and 

sur face soil moisture was relatively high . Crown-rot was worst in we t 

soils when temperatures were h igh . pink root-rot in the ERP nurseries 

was most common in coole r ,  foggy weathe r with high humidi ty .  While 

insect epidemics were known to be correlated generally with cl imate , the 

few local outbreaks could not be tied to speci f ic temperature or moi sture 

condi tions (Bullard 1946b) . 

2 .  Soi l  cons iderations : Soil i s  the dominant factor in rubber 

production and a major factor in shrub production because of its relation 

to moisture control . The shrub var ies in  s ize , weight , and rubber 

content according to minor changes in soil moisture retention and 

availability (Retzer and Mogen , 194 5 ) . Soil moisture also is important 

in relation to d isease . Attacks by various fungi usually coinc ide with 

excess ive moisture , especially on heavier soils wi th slow drainage . On 

the other hand , the extent of cold damage i s  usually inver sely related to 

the moi sture content of the soil  and the plant . 

Soi l  moi sture ava ilabi lity var ies wi th soil texture . For best 

g rowth , guayule requires permeable , well-drained , well-ae rated soils with 

a reasonably good supply of soil moisture most  of the year . Optimum 

vegetative growth , however , usually i s  not combined with maximum rubber 

production in the shrub.  Those so ils that make water avai lable slowly to 
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the plants promote the highest rubber content per unit shrub weight and , 

i f  growing condi tions otherwise are favorable , g ive the highest yields of 

rubber per acr e .  

In the ERP exper ience , the best  growth o f  both i r r igated and dryland 

plantings was in l ight and med ium-textured soi l s .  With the same cultur al 

treatment and planting s tock on a s ingle plantation , larger shr ubs wer e  

developed in loam and sandy loam than on  other soils . But the highes t  

percent of  rubber occurred in smaller plants grown in other soil s .  

Dryland production on problem soils i s  impractical . On soils o f  very 

open , porous structur e ,  a low survival rate occur s because of poor 

contact between the soil and plant roots . 

Unsati sfactory growth and yields result when guayule 

soils with very coarse substrata at shallow depths . 

is  grown i n  

Under such 

condi tions mois ture is easily available for only shor t per iods , and the 

plant has shor t intervals of luxur iant growth , dur ing which little rubber 

accumulate s ,  and then dies back somewhat under the heavy stress of the 

following dry per iod s .  When available moisture is  reduced more slowly 

and the shrub has time to " prepare" for the dry , dormant per iod , a xer ic

type leaf develops and rubber depos ition shows marked increase s .  

Hardpans and claypans ,  including plowsole , tend to restr ict guayule 

growth in inverse relation to the ir depth below the sur face . Where pans 

are shallow and drainage is poor due to heavy soils , guayule is small , 

lacks vigor , and is  susceptible to disease and drowning . In l ighter 

soils the pans restr ict growth but have a much less  adverse effect on 

plant survival . Guayule roots penetrate pans with difficulty . If the 

pans are wi thin 30 inches of the sur face , root extens ion i s  limited , the 

feeding area small ,  and shrub growth is never satisfactory.  

Competition be tween plants is  affected strongly by spacing and by 

moi sture ava ilabil ity .  Fur thermore , moisture relationships change under 

cultivation ,  especially with respect to aeration . On newly cleared 
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br ushlands with f ine sandy loam soi l ,  the soil is  loose at first  and 

shows a moi sture deficiency s imi lar to that caused by high evapora�ion . 

Clays , usuallY ' cons idered too heavy and poorly aerated for guayule , are 

suitable i f  they are friable and have good internal drainage ; however ,  

rubber content seems to be depres sed in plants in clay soils ( Alder and 

Ostler , 1980 ) . On the other hand , in ERP exper ience , plants grown in 

clay soi ls showed a higher concentrat ion of rubber than those in light 

soi ls ( Bullard,  1946b) . 

Like other plants , guayule grows best  in more fer tile soils , but i t  

does not respond noticeably to most  fer tilizers except i n  soils wi th low 

fer tility .  Fer tilization does promote more rapid seedl ing growth. While 

it i s  native to calcareous soils , 

sedimentary noncalcareous soils.  

guayule grows well on granitic or 

Required fer tility levels , like 

moi sture capacities , seem related more to spacing and competition between 

plants than to general plant needs .  Low fertility may limi t growth in a 

few instances ,  but i f  so, soil moisture is  the dominant factor . 

Guayule tolerates i ron or manganese deficiencies but is  very 

sensi tive to boron deficiency. Potassium and calcium seem to be requi red 

for bes t  plant growth , but in wildstands plant density has been found to 

be inversely related to potassium level . Guayule has shown no marked 

response to added nitrogen unless the soil is nearly steri le .  

Guayule grows well on gran i tic  or sedimentary non-calcareous soils  

and in a soil pH from 6 . 0  to  8 . 5  but i s  stunted at  pH 4 . 5  or  10 . 5 .  

Optimum growth occur s from pH 7 . 2  to 8 . 3 . The soil salt content is  

impor tant.  Guayule tolerates up t o  0 . 3  percent salt anywhere in the soil 

profi le ,  . but soil salt content from 0 . 3  to 0 . 6  percent in the top 2 feet 

of soi ls greatly retards growth . More than 0 . 6  percent salt in the 

sur face soil k ills the plants ( Bullard,  1946c) . 

The lower leaves of the shrub actually increase in number wi th soil 

alkali concentrations up to the limits of tolerance , but shrub weight and 
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survival decreases . The phys iolog ical drought brought about by increased 

soil moisture tens ions apparently causes reactions in the plant s imilar 

to those 'ca'used by natural drought ( Bullard,  1946b) . 

3 .  Potential dryland farming areas : The survey of the wild guayule 

s i tuat ion in Mex ico under taken in June 1942  by Cooperr ider and Culley for 

the u. s .  ERP afforded the oppor tunity for extens ive observations of 

valley lands as poss ible guayule farm areas , as well as for the more 

intens ive examination of mounta in areas where guayule grows naturally . 

Cooperr ider ( 1 9 4 3 )  submi tted a repor t  on the poss ibili ties of 

guayule cultivation in Mex ico . The repor t is  confined to a discuss ion of 

lands within the general area where guayule grows wild . He repor ted that 

the pr incipal area " to hold promise for dryland farming of guayule is  

located in the s tates of  Dur ango and Zacatecas east  and nor theast of 

Dur ango City ,  and in the general vicinity of Yerbanis , Guadalupe 

Victor ia,  and Villa Madera,  and south toward Sambrete . " Th is is a high 

plateau grassland country where large areas are nearly level and 

physically ideal for farming . I t  var ies from near ly pure grassland of 

excellent quality to savanna to scrubby growths on the rocky hills . 

Soils are dark brown loam , in places almost black , and almost free of 

rock . 

" East and nor theast of th is plateau reg ion , the country breaks off 

into lower valleys and rough mountains wh ich r ise to somewhat higher 

elevations than the plateau pr oper . The foot slopes of such mountains 

are good wild guayule country. They must  have about the same elevation 

and temperature as the grasslands on the plateau. Rainfall on the 

plateau , j udg ing from vegetation and the records from one place , probably 

i s  about 16 inches to 2 0  inches annually , nearly all of which occur s in 

summer and early fall • • • •  Large areas of this grassland have been turned 

under and planted, pr incipally to corn but • • •  some of this land seems 

to be submarg inal for cor n planting . "  
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Undoubtedly , land use in the area delineated by Cooperr ider has 

changed since he wrote his repor t ,  but there may be land in the area 

still sui table and available for dryland farming . 

An area where minimum temperatures do not fall below 150F has been 

recognized as the potential guayule growing reg ion in the Southwest U . S .  

( Foster et a l . , 1980) . Us ing the same cr ite r ia , i t  would seem that 

guayule plantations could be developed over an extens ive region in 

nor thern Mexico . Except in the higher elevations in the Sierra Madre 

Or i ental and S ierra Madre Occidental , temperatures in that entire region 

are normally above the 150F minimum . 

A s ignificant l imi ting cl imatic  factor is  the availability of 

rainfall.  I f  15  inches (375 mm) of  rain is  cons idered the minimum for 

plantation success , mos t  of the central plateau must be excluded from the 

guayule growing region as too dry . However ,  precipi tation is  adequate in 

many areas in the footh ills of the two mountain ranges ( the southern 

central plateau and gulf coastal pla in) as well as in the foothills of 

the complex ser ies of mountain ranges in the central plateau.  

4 .  Guayule propagation : Field plantings can be establi shed with 

transplanted seedlings or by direct seeding . ERP exper ience involved 

growing seedlings in nurser ies and tr ansplant ing at four to twelve months 

of age . Current practice in the United States i s  to grow seedl ings in 

greenhouses and transplant at about three to four months of age . Direct 

seeding exper iments have indicated that it  is possible to establ i sh 

guayule by direct seeding , but exper ience wi th thi s  method has been 

extremely l imited . 

a .  Nur ser ies : Nur sery methods used by the ERP to produce guayule 

seedlings were  not greatly different from general nursery techniques used 

to grow many species of forest tree seedl ings . Seeds were sown by 

mechanical drills in 4-foot beds irr igated by an overhead irr igation 

sys tem . Plants were weeded , watered, cultivated , and otherwise cared for 
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dur ing a four- to e ight-month per iod. Then plants were l ifted , culled,  

packed , and distr ibuted for f ield plant ing . Under optimum conditions 

seedlings normally atta ined planting s ize at about four months of age .  

Growing young shrubs i n  nur ser ies presents many problems similar to 

those involved in field culture,  although the nur sery stands are more 

dense . Young guayule is very sensitive to soil condi tions . The best 

nursery production is  achieved on deep , well-dr ained, f ine sandy loam 

soils . Climates suitable for growing guayule in the f ield also are 

favorable for growing good nur sery stock . 

b .  Greenhouse s :  New technology in greenhouse management provides  

another means for producing s tock for year-round transplanting .  However , 

initial greenhouse constr uct ion cos ts would be much higher than nur sery 

cons truction costs.  

More than 90  percent germinat ion has been achieved in freshly 

harvested , treated and coated guayule seeds . The seeds germinate in the 

greenhouse in two to three days , and healthy plants can be grown with 

proper irr igat ion management and regular fer t ilizer appl ications . Plants 

remain in the greenhouse for two to thr ee months ,  then flats are moved 

outdoors for two to four weeks to harden the plants before transplanting 

them to the field. Current research indicates that greenhouse-grown 

seedl ings two- to three-months old can survive transplanting 

successfully . 

Guayule seedl ings are now being ra ised in commerc ial greenhouse 

operations at the Golden State Nursery in Bakersfield , Cal ifornia,  and 

the Bud of California Company in Salinas , Cal ifornia,  where they are 

us ing guayule seed specially coated by a commercial seed company . Use of 

c leaned, coated seed has made poss ible a mechan ized greenhouse planting 

procedure .  Speedling trays are used, with one to three seeds be ing 

planted in each compar tment. In the ir current operation , 80 seedl ings 

are produced per square foot of greenhouse space , but those involved in 
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the operation are confident that production of 144 plants per square foot 

i s  feasi ble (Maniaci ,  1981 , personal communication) • 

c .  Di ree:t ' seeding :  Establi shment of field stands through direct 

seeding could reduce significantly the cost of guayule crop production . 

Seedl ings produced in  nurser ies and greenhouses are relatively expens ive , 

and transplant shock can kill a substantial number of transplanted 

seedl ings or reduce growth rate cons iderably the first  year . If labor 

costs are high ,  the cos t of d igging and transplanting nursery stock o r  

moving and planting greenhouse s tock can be cons iderable . 

For success ful germination and emergence when direct seeding , a 

number of c ritical condi tions must be met .  Minimum daily temperature 

should not be lower than 500F (�70F for prege rminated seed) , and maximum 

daily temperature should not be above 9 0oF ,  except br iefly . Seed cove r 

must be less than one-e ighth inch , with no soil  crusting . There must  be 

abundant soil mois ture dur ing germinat ion and emergence (Taylor , C . , 

1946 )  • 

Many of the difficulties in di rect seed ing have been a result of the 

small percentage of seed wi th germination potential , even in the bes t  

seed lots . However ,  wi th the proper seed harvesting , cleaning and 

treatment avai lable today, seed germination of better  than 90 percent 

should be feasible (Benedict , 1979 ; Maniaci , 1981 , personal 

communications) . Another diff iculty in the past  has been the handling o f  

each achene as a uni t .  The seed coating technique developed to coat 

guayule seeds for ease in handling in the greenhouse production descr i bed 

previously should also facilitate seed handl ing when direct seeding . 

Direct seeding may prove to be feas ible only under i r r igation , and 

transplanting seedl ings may be the only practical method of establishing 

f ield stands under dryland conditions (Benedict , 1979 , personal 

communication) • On the other hand , viable seed , properly treated and 

prege rmina ted and sown on soil with a fai rly high level of soil moistur e 
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may make the technique workable (Crowley , 1979) . To date there has been 

very li ttle research on d irect seeding and f ield tr ials under a var iety 

of cond it:ions are needed to determine whe ther , and under what 

circumstances ,  this  method of f ield establishment has the potential for 

being commerc ially feas ible.  

d .  Guayule seeds : Guayule seed germination characte r i stics differ 

from those of most other crops . Only a few guayule seeds will germinate 

if sown immediately after being collected , due to two types of dormancy : 

an embryo dormancy of shor t duration , and a seed coat dormancy that makes 

the inner seed coat impermeable to gas exchange . Seed coat dormancy can 

be el iminated by chemical treatment . 

under dry storage condit ions . 

Dormancy can persist  for years 

Most guayule var ieties are prol ific seed producer s .  When soil 

moisture and air temper ature are favor able , plants of all ages bloom and 

set seed profusely throughout the growing season . Seed yields per acre 

vary widely according to the number ,  age , and vigor of surviving plants . 

In a few ins tances , under espec ially favor able conditions , yields of 

1 ,  000  pounds per acre were recorded . Usually , the collected seed yield 

i s  only 25  percent to 30 percent of all seed produced because of losses 

from wind and the shatter ing of seed before harvest .  Yield can be 

expected to increase greatly with var iety improvement through genetic 

select ion . 

Several types of harvesters that employ revolv ing br ushes or beaters 

to dislodge the seed into pan or trough receptacles have proved 

moderately successful and economical . A gasol ine-powered vacuum insect 

net has proven highly eff icient in harvesting guayule seeds in tr ials 

conducted at Texas A & M Un ivers ity in the United State s .  The Denholm 

Seed Company and the Univers ity of Ar izona have also exper imented with a 

mechan ical harvester on guayule in Califor nia and Ar izona . 

Collecting seed by hand cannot compete with mechanical harvesting in 

speed and cost per pound of seed , but it  is pract ical when seed-pick ing 
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machines are not available . The number of times seed can be collected 

from the same plants dur ing one season is influenced by cultural 

operations , hlooming continui ty stimulated by irr igation , r ipening 

uni formity , and wind s .  In some instances six collections were made from 

plants under i r r igat ion in the same area dur ing a single growing season . 

Fewer collections can be expected under dry farming conditions . 

Cleaning removes foreign mater ial such as stems , leave s ,  cluster s of 

ster ile florets , insects and weed seeds , and also empty guayule seeds .  

Air-drying collected seed to a moisture content of 6 percent to 10 

percent permits temporary storage wi thout danger of molding or heating . 

On recently harves ted seed the inner seedcoat ,  a th in,  tough 

membrane enclosing the embryo ,  i s  near ly impermeable to oxygen and must  

be  broken or  made permeable . Embryo dormancy can be broken , however ,  by 

exposing moi st  seed to light or by treating wi th g iberellin.  Guayule 

seeds also become germinable after treatment wi th sodium or calcium 

hypochlorite .  Sodium hypochlor ite i s  preferable to calcium hypochlor ite 

because i t  mixes wi th water more  readily .  Treatment duration is  

immater i a l  i f  reduced treatment per iods are  accompanied by  increasing 

solution strength. 

The natural seed dormancy per si sts in varying degrees for a number 

of year s in untreated and unthreshed seed . 

cause a substantial propor tion of seed 

Threshing seed , however ,  can 

to become viable at once . 

Dormancy of the remaining seeds disappear s in four to six months if  the 

seeds are stored in a well-aer ated , dry area . 

5 .  Agronomic practices : For a crop that is  not now produced , 

guayule ' s  agr icultural requirements for irr igated cultivation are 

remarkably well-known. Almost 1 , 000  scienti fic  papers have been wr itten 

about the plant,  including excellent manual s for germinating seed , car ing 

for seedling s ,  tr ansplanting , fer tiliz ing , irr igating , and harvesting 

( National Academy of Sciences , 1977 ; Foster et al . , 1979) . Thi s  
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knowledge is based largely on empi r ical observat ions made dur ing 20  to 3 0  

years o f  commercial product ion and is supplemented by empir ical 

observat ions and research by ERP agencies dur ing Wor ld War I I , by the 

U .  S .  Agr icultural Research Service Crops Research Branch dur'ing the 

1950s , and by recent research in Mex ico and the states of Cal ifornia , 

Texas ,  New Mex ico , and Ar izona in the United States . 

Exper ience shows that there are no insurmountable difficulties in 

growing guayu1e 1 there are no known fundamental agronomic bar r iers to be 

overcome before irr igated product ion can beg in (Nat ional Academy of 

Sc iences , 197 7 ) . However ,  exper ience in guayu1e dry1and farming i s  

l imited . The ERP plantat ions and exper imental plant ings provide 

guidel ines for producing rubbe r unde r a wide var iety of soil and climatic 

condi tions . W . A .  Bullard reviewed the planting program carr ied out by 

ERP and most of the following general statements , unless otherwi se 

credi ted , are from his report (Bullard , 1946b) . 

Within reasonable limits , the yield of any crop is related to the 

number of plants per unit area . This  is true for guayu1e . Stand age , 

so il fer tility ,  and moisture availabil ity also have cons ide rable effect . 

I n  the ERP program it  was found that dry1and shrubs ma inta ined a plant 

mo isture content of about 44 pe rcent , wh ile moisture content in irr igated 

shrubs , heavily stressed at times , dropped to about 34 percent . There 

was more shrub growth and greater efficiency in rubber product ion per 

unit of water avai lable with dry1and- farmed shrubs than with irr igated 

shrubs . 

Under dry1and cond it ions in Cal iforn ia , roots of guayu1e plants from 

nursery stock were able to pene trate porous soils ( i f devoid of thick 

gravel and coarse sand strata) to depths of 8 feet to 10 feet dur ing the 

first  growing season and to depths of 14 feet to 16 feet during the 

second season . 

ERP guayu1e nursery transplants started new growth soon after 

plant ing , and by the end of the first growing season atta ined fa ir s ize . 
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In the f i r s t  season , growth seemed largely rela ted to establi shment time . 

Establi shment was delayed one year on a few dryfarmed plantat ions having 

soils difficult to prepare pr ior to planting . Some transplants rem�ined 

dormant through the hot summer and began growth with the following winte r 

rains ; but ,  survival losses were fairly great . 

No known optimum exi sts for dryland planti ng dens i ty .  Us ing the ERP 

spacing of 28 by 24 inches would require abou t 9 , 50 0  seedl ings per acre 

(U . S .  Forest Service , Emergency Rubbe r Project , 194 3 ) . Ul timate survival 

in  a dryland setting should be at least 80 percent . In the ERP program , 

the dryland shrubs in cooler climates made the most rapid gains somewhat 

late in the season . During the winter season , shrub growth is  

negligible . With respect to  shrub age , i f  the ERP program had continued , 

the highest gains probably would have been made in  the third and fourth 

growing seasons with irr igated shrubs , and in the fi fth and sixth seasons 

with dryland shrubs , under normal climatic condi tions . 

ERP re searchers found that three phases of growth important to 

harvesting and milling operations were affected by the kind of culture 

the plants rece ived . Dryland-farmed plants had relat ively higher leaf 

bulk per unit weight of the entire shrub than did irr igated plants . This  

increased transpor tation and other handling job loads per unit of  mill 

capaci ty ( the leaves were non-productive and the shrub usually was 

defoliated pr ior to milling ) . Dryland shrubs had a highe r rubber content 

and could be milled more efficiently . They were also found to have a 

higher rubber-to-resin ratio . But ,  i r rigated shrub produced more pounds 

of rubber per acre in almost all ins tances , because of the larger size of 

the plants . 

There has been much less experience with dryland farming of guayule 

than with i r r igated plots , and the circumstances often involved treatment  

that was not s tandardi zed . Rubber yields in  California and Texas var ied 

from under 1 00  pounds per acre per year to 3 0 0  pounds pe r acre per year 

of rubber (Table I I I-9 ) . These f igures are not exactly comparable to 
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Age at 
Harvest 

Reg ion (years )  

California 1 1 

__ 1 2 

__ 1 3 

__ 1 4 

__ 1 5 

__ 2 

Lower Sal inas 
va11ey2 8-9 

Mid-Salinas 
va11ey2 5-6 

Santa Mar ia2 8 

Santa Mar ia2 7 

San Jacinto2 

Basin 2 

San Jacinto 
Bas in (Hemet)  2 2 

San Joaquin 
va11ey2 2 

Texas3 5 

__ 3 3+ 
( 3 6  plots ) 

1 .  Bullard , 1946c 

TABLE I I I-9 

GUAYULE SHRUB AND RUBBER 
DRYLAND PRODUCTION 

Ra infall Rubber 
( inches )  (percent) 

3-4 

6-7 

9-10+ 

11 

12 

14 

8 

14-16 

11 14-15 

14-15 8-9 

17-23 8-11 

8-10 
( fallow farmland) 

8 

7-8 

2 .  Dor tignac and Mickelson , 1945 
3 .  Cra i n,  1946 
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Short Tons Pounds Rubbe r/ 
Shrub/Acre Acre/year 

0 . 5-0 . 6  4 9-70 

1.  7-2 . 5  130-160 

2 . 8-4 . 2  207-270 

3 . 6-5 . 1  225-308 

4 . 3- 5 . 7  22 4-288 

3-12 130-308 

240 

60 

110 , 13 6 , 160 

1 .  8-6 . 3  70-263 

154-168 

112 , 172 , 20 9  

72-179 

6 192 

2 . 8-3 . 2  122-162 



current yield f igures because the percentage of moisture and res ins that 

remained in the crude rubber  exceeds that in processed guayule rubber 

today by an unknown amount . Data from 1944 ERP sampl ing and 1926:-1941 

yields f rom the Intercontinental Rubber Company plantations in the lowe r 

Salinas Valley of California (where rainfall var ies from the lower 

acceptable l imit to a near optimum of 14 inches to 2 0  inches per yea r )  

i ndicate that in  dryland plantat ions rubber i s  formed a t  a n  increas ing 

rate over an a-year per iod (Figure I I I-3 ) . 

E .  Processing 

1 .  Process ing methods : Rubber in the growing guayule plant occurs  

di sper sed in liquid in the plant cells . The rubber can be extracted in a 

di spersion of the latex , by solvent extraction , or agglomorated as a 

res inous or deres inated rubber ( the latte r has been the standard 

practice) . 

Processing guayule cons i sts of a number of sequential operations 

car ried out to release the rubbe r from plant ti ssues : separating the 

rubber , so far as practical , from other plant consti tuents � free ing the 

crude rubber from contaminant mater ials � applying necessary 

preserva tives � and drying and packaging it for ultimate consumer use . 

Processing begins wi th the harves ted shrubs and ends wi th the crude boxed 

r ubbe r .  Processing also includes recovering various byproduct materials 

having existing or potential use . There are alternative possibilities 

for accomplishing many of the ope rational steps . Choice of procedure is 

based on cos t ,  availability of wate r and solvents , and byproduct value . 

In the ERP exper ience , because of wart ime urgency , there was an 

attempt to secure the maximum amount of rubber of acceptable qual ity in 

the minimum amount of time . The process that evolved was based on the 

factory operation expe r ience of the Intercontinental Rubbe r Company. 

a. CIQA extract ion method : In 1974 the Mexican Project for the 

Industr iali zation of Guayule began studying var ious rubber extraction 

alternatives ( see alternatives A and B in Figure I II-4 ) . The industrial 
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process  des ign that evolved has been used exper imentally at pilot plant 

level s ince 1976 . It  allows for the poss ibility of recover ing the 

var ious byproducts s tep-by-s tep and incorporates cons iderable innovat ion 

into the industr ial ized use of thi s  shrub. 

Baled shrubs are f ir st dipped in hot water for 10 minutes at 1670F 

to coagulate the rubber and to remove fore ign mater ial and leaves .  The 

plants are then pas sed through a hammer mill and a Bauer mill ( a  device 

used in paper mak ing , somewhat s imilar to the Jordan mill in action on 

comminuted shrub) which break open the rubber-filled cells . Caustic soda 

( sodium hydrox ide) is added dur ing the pulping process to help break open 

the rubber-f illed cells ,  separat ing the rubber from the vegetable matter . 

The pulping is  done in water , wh ich causes rubber and resins to 

aglomerate into the spongy form known as worms . Thi s  mater ial is run 

through a ser ies of flotation tanks where the waterlogged bagasse s inks 

to the bottom and is  pumped off .  The rubber worms float and are sk immed 

from the sur face . This  process is  repeated twice : further separating 

occur s in each succes s ive tank . The res inous worms are stirred in hot 

water with detergent to reduce part icle s ize . Resins ( 17 to 25  percent 

of the guayule worm content) are extracted with ace tone at about 95 

percent efficiency . The acetone is  distilled from the res in-water 

mixture and recycled . 

After s team s tr ipping to remove res idual acetone , the gr ay-wh ite 

guayule rubber contains about two percent resin,  as well as a small 

amount of cor k and debr i s  that failed to s ink in the slurry tank . In a 

f inal pur if ication proce s s ,  the deresinated rubber is  dissolved in hexane 

and i s  filtered to remove the res idual insolubles ( cor k ,  fiber , dirt) . 

Thi s  fi ltered solution i s  homogeneous and the rubber can be bleached , 

protected with ant ioxidants or treated with reagents to g ive a high

quality , uniform produc t .  While in solut ion the rubber can be altered by 

polymerization , chlor ination , copolymer ization with methacrylates and 

other chemical react ions producing rubbers  with different propertie s .  The 

end product i s  a rubber of high quality with very low amounts of ash , 

copper ,  and iron (Nat ional Academy of SCience s ,  1977 ) .  
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The rubber-hexane solution i s  mixed wi th s team and i s  pumped into a 

series of two coagulators , where the solvent is  vented off and rubber is  

recovered as crumbs . The wet ,  pur i f ied rubber is  car r ied to an extxuder 

dryer where all but 0 . 6  percent of the moisture is eliminated . The crumb 

rubber is then cooled in a long aereated gutter , baled , and packaged as a 

7S-pound block (Campos-Lopez ,  1979 ) . 

Alternative B i s  designed to extract a larger volume of resin by 

direct shrub de res ination (Figure I I I -4 ) . After de res ination by solvent 

extraction , the ground guayule would be refined by flotat ion in the same 

manner as in alternative A .  Intermediate steps such a s  desolventizing 

and solvent recovery are not shown . 

b .  Rubber extraction methods developed by Firestone Tire and Rubber 

Company : The Firestone Tire and Rubbe r Company is investigating a 

di rect-solvent extraction method to extract both res ins and rubber . 

Direct solvent extraction seems to offer many advantages over wet

processing .  Many processing steps would be el iminated including 

parboiling and/or pres sure cooking ;  wet-milling ; add it ion of alkali , 

sur factants , etc . ; flotation; water washing ; and several drying and 

pur i f ication s teps .  Other advantages are large savings in process water , 

improved resin yield s , lower heavy-metal contamination of the rubber , and 

the provision for solution-phase pur i fication as an integral component o f  

the operation . Nive r t ,  Glymph , and Snyder ( 1978 )  described th is  process  

as quoted in the following paragraphs . 

"The wet shrub i s  chopped and ground in a series of (hammer )  mills . 

The finely pulve r i zed shrub i s  then conveyed to a countercurrent 

percolation type extractor where the res ins in the shrub are extracted 

with acetone . Total contact time is one to two hour s . Initial contact 

with acetone dehydrates the shrub . The deresinated shrub i s  

desolventi zed and deodo r i zed i n  standard equipment simi lar to that used 

in  the oil seed extraction industry . Acetone-resin mixture , acetone

water from shrub dehydration and acetone from the desolventizer are 
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combined in an acetone refining column . Res ins and water leaving the 

bottom of the column are decanted g iving a crude resin byproduct .  

Fac i lities for ref ining the crude resin are not included . 

"The deresinated , deso1vent ized shrub is next conveyed to a counte r

current immers ion type extractor where it  is contacted with hexane for 

two to three hours to extract the rubber . Antioxidant is introduced at 

this point with the hexane . The pulp is  deso1vent i zed in a s imilar 

fashion as in the acetone extract ion step and the major ity of it i s  

burned for steam generat ion and i n  plant generation o f  electr ic ity .  The 

remainder is by-product . 

"The misce 11a from the extractor ( 7  percent rubber in hexane ) is  

heated to  flash of f  a portion of  the hexane . The remaining rubbe r 

solution is  sent to a series of str ipping columns where the rubber is 

coagulated with water , and hexane is str ipped with steam .  Hexane from 

these str ipping columns , the flash vesse l ,  and the deso1ventizer is  

condensed . Water is  separated from the hexane in a decanter . The hexane 

is then recycled . 

"The coagulated rubber in water is  sent to a standard rubber drying 

sect ion whe re it is  screened , washed , dr ied and f inally baled . "  A 

schematic of this  proce ss is shown in Figure 1 1 1-5 . 

Solvent extrac tion of rubber from guayu1e has thus far been 

impractical on an industr ial scale . The fundamental problem in solvent 

extract ion of rubber from plant mater ia1s is that rubber , being a high 

molecular we ight polymer , is unable to pass  through cell walls and 

membranous tissue in solut ion . Thus , in order  to accompl ish solvent 

extract ion of rubber , the plant structure has to be very thoroughly 

disrupted . In analytical procedure s ,  this 

f ine gr inding resulting in fine powders  

is usually accompl ished by 

that can be extracted in 

reasonable lengths of time with sophisticated laboratory equ ipment in  

small quant ities . However ,  scale-up d i ff iculties are enormous .  They 

include very low drainage rates and high solvent hold-up resulting in  

impract ically slow extraction and very large solvent losses in  pi1ot-

plant or larger scale operat ions (Buchanan , 1979 ) . 
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Niver t,  et al .  repor ted in 1978 that this process ing method would 

require cons iderably more research before it could be cons idered as an 

alternative method of processing .  However ,  recent research breakthroughs 

in the solvent extraction process (per fection of eff icient separation 

column extraction of rubber ) and in the CIQA process have greatly 

improved the economics of guayule process ing (Weihe and Niver t ,  1980) . 

Firestone is also exper imenting with a process in wh ich the mi lled 

shrub is first deres inated with acetone at about S ooC .  

s imilar to alter nat ive B cons idered by CIQA. 

This  process is  

c .  u. s .  Gove rnment Patent : R . A .  Buchanan ,  formerly with the 

Nor theast Reg ional Research Center of the u . s .  Depar tment of Agr iculture 

( Peor i a ,  Illinois) , developed and patented a nonaqueous process in which 

the shrubs are converted to a "plastic" mass in a rubber mill or 

extruder . This is converted to pellets or par ticles and rubber and 

res ins are extracted with acetone and hexane (Chemical Engineer ing , 

1980) . 

In this  process the fibrous plant mater ial is subjected to the 

simultaneous action of compress ive and shear forces under nonaqueous 

condi tions . Th is can be accompli shed by the use of an ordinary rubber 

mill , i . e .  di fferential roll mill , or by the use of a sing le-screw 

extruder or var ious other machines de signed to produce high shear 

mastication at high pressure . It  may be advantageous to use one or more  

of  these machines in sequence . Polymer ic hydrocarbon sUbstances are 

released and cohere  with the comminuted fibrous mater ial.  The resultant 

mass is shaped into par ticles which, according to Buchanan ( 1979 ) , can be 

economically solvent extracted in any of several commercial extractor s 

with complete recovery or rubber ,  res ins , and related hydrocarbons .  

The solvent extraction can be conducted in a sing le- or multi-step 

operation. " It is generally pr eferred to extract the shaped particles 

with a first solvent wh ich will selectively remove res inous components , 
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and then extract the particles with a second solvent for removing the 

rubber or rubbe r l i ke polymer ic hydrocarbons . Acetone as the f i r s t  

solvent and cyclohexane a s  the second solvent i s  the prefer red 

combination , . • ; .  Alternat ively , the resin and polymer ic hydrocarbon 

substances may be removed by a single extraction with a universal 

solvent , such as cyclohexane . In e i ther case , the des ired components can 

then be recovered from the solvent by conventional means " (Buchanan , 

1979 ) • 

d .  Powdered rubber : Although not a new pr imary processing method , 

making powdered rubber from e i ther baled rubber or from latex produces a 

potentially useful product form. Powdered guayule i s  read i ly der ived 

from some newe r techniques for solvent extraction ( Prebluda , 1980 ) . The 

basic method of mak ing powder from bale rubber is cutti ng , chopping or 

Latex can be converted to powde r 

common is  spray drying .  Several 

smashing rubber into small par t i cle s .  

by several methods , but the most 

advantages of powdered rubber are ease of storage and shipping , and 

potential for computer controlled automatic we igh ing and metering before 

mixing in continuous process ing equipment . Powdered rubber can be formed 

with l i ttle or no modif ication of ex i sting plastics machinery and 

techn iques .  

2 .  Fac i l i ty requirements and logi stics : Shrub post-harvest 

handling , storage , cleaning , and defol iation requi rements are presented 

below . 

a .  Post-harvest handling and storage : For the most eff icient 

operat ion , storage faci l i ties at the processing plant should be large 

enough to provide raw mater ial for continuous factory operation dur ing 

per iods of inclement weather .  Baled guayule should be kept dry , and 

extra precautions should be taken to minimi ze the danger of f i re dur ing 

storage . 

Mainta in ing a cons tant shrub supply may involve stor age for some 

per iod of time . Optimum s torage conditions and max imum storage time for 

successful production are factors that need further investigation .  
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Pos twar U . S .  research s tudies (USDA Bureau of Agr icultural and 

Industr ial Chemistry , 1953 )  to de termine the effects of var ious storage 

condit ions ' ind icated that after s ix weeks of storage,  plants baled with 

leaves on exhibited decreased yields of rubber hydrocarbon in the crude 

rubber . There was an apparent decrease of rubber in the shrub; and, 

there was a s l ight decrease in the resin in the crude rubbe r ,  but not 

enough to make any appreciable difference in rubber quali ty . The total 

amount of crude recovered per ton of harvested shrub decreased as the 

length of shrub storage t ime increased. 

The crude rubber in shr ubs stored after defol iation showed an 

increase in the percentage of rubber hydrocarbon over a per iod of s i x  

weeks  o f  stor age and was accompanied by a decrease in the percentage of 

res in.  The total amount of recovered rubber dropped s Iughtly as storage 

t ime increased .  

Two factor s appeared to have oppos i te effects on the phys ical 

character istics of crude rubber recovered from stored defol iated shrub . 

The physical properties of the cr ude rubber deter iorated because of the 

cont inued degradation of the r ubber hydrocarbon in the shrubs dur ing the 

storage per iod. On the other hand, the physical proper ties of the crude 

rubber were enhanced by a depletion of res ins dur ing the storage per iod . 

The opt imum improvements occur red at about five weeks of stor age . 

Deter ioration resulted thereafter . 

The rubber recovered from mill ing freshly harvested shrubs had 

Mooney (viscos i ty) values and molecular we ight markedly h igher than any 

rubber produced from the s tored shrubs . The lowered Mooney values and 

molecular we ights after storage are strongly indicative of rubber 

de ter ioration through oxidative processes . The amount of insolubles 

(mater ial not soluble in water , i . e . , benzene and acetone) in crude 

rubber from freshly harves ted shrub were mar kedly lower than in rubber 

obtained through other methods .  
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S tor ing defol iated shrub , either as whole plants or in commi nuted 

form, and expos ing it to a ce rtain microb iolog ical process termed 

" ret ting"  reduces certain resin consti tuents . The actual "ret , " induced 

by the mixed microfloral populat ion present in the atmosphere , var ies 

greatly from season to season and from location to loca tion. A pure 

cultural ret would necessitate a cos tly installat ion to ster il ize the 

mater ial and to ma intain a pure culture inoculum , and would require 

apparatus for ma intain ing the proper environmental condi tions throughout 

the ret per iod . It is doubtful that thi s  process would be economically 

feasible as a method of reducing res in , as retting does not result in 

rubber wi th the phys ical properties approximating that obtainable from 

newly harves ted shrub. 

ERP investigation of stor ing shrubs as ens ilage under essentially 

anaerobic condit ions ind icated that the shrub could be stored as 

ens ilage , but studies were incomple te . 

b .  Cleaning and defoliation :  As an initial step in defol iation ,  

parboil ing has been an accepted pract ice . Leaf mater ials consti tute 

approximately 25 percent of the dry we ight of the plant and obviously 

consti tute an unproduct ive load on the milling system , s ince the leaves 

contain no recoverable rubber . There i s  some evidence that mi lling the 

shrub with leaves only increases the amount of metals in the raw rubber , 

especially copper ,  iron and manganese , in the raw rubber . These 

mater ials degrade the quality of the rubber . Parboiling induces 

coagulation of latex within the cell s .  

The procedure used by guayule researcher s a t  the F irestone Tire and 

Rubber Company was described by Nivert et al . ( 1978 )  as follows : "Fresh 

guayule shrub is received from the fields in bales , loaded on a conveyor 

and sent through a soak ing pi t where the bales are parboiled at 700C for 

1 0  to 20 minutes to loosen the leaves .;tnd any d i r t .  The bales are cut 

and shrub is  passed under a high pressure water spray to remove the 

leaves . "  Weihe and Nivert ( 1980)  repor t that alternatives to bal ing 1 

8 3  



parboiling , and trommeling are now be ing cons idered because guayule 

leaves contain about 8 percent res ins "wh ich could be extracted and 

recovered if the leaves were processed , el iminat ing the operations pr ior 

to gr inding .  I f ,  however ,  leaf removal is  necessary e i the r from a 

techn ical or economic standpo int , an alternat ive leaf removal process  has 

been demonstrated and is be ing further developed . Thi s  technique 

cons ists of removal of the leaves from the branches ,  followed by air  

clas s i f ication to separate the l ighter leaves from the heavier wood 

ch ips . Thi s  technique can be employed at the plant s i te or in the f ield , 

provided the chipped shrub can be protected from oxidat ion . "  

Chemical leaf defol iation pr ior to harvesting has been tr ied without 

success (Taylor , K . , 1946 ) but still may be poss ible . Because of 

processing d i ff iculties i t  is  doubtful that us ing the leaves for 

byproducts will prove to be economically feas ible (Bonner , 1979) , but use 

of leaves remains a possibil ity because of their res i n  content (We ihe and 

N ive r t ,  1980) . 

c .  Water requ irements : The major consumpt ive uses of water in 

CIQA ' s guayule process ing are as process  water and steam ,  and for 

cooling . Prel iminary estimates of water use (Motomochi ,  1980)  were based 

on the processing methods used at the Saltillo pilot plant . They 

indicate a probable consumpt ive use of 58 . 5  cubic meters  as process  water 

and 14 . 3 5 met r ic tons of steam per me tric  ton of rubbe r ( 0 . 05 acre-foo t 

per metric ton) . 

Based on data from laboratory-scale process ing us ing solvent 

extract ion methods , Firestone researchers have concluded that a 50 , 00 0  

ton process ing plant operating a t  full capac ity would use a s  much a s  458 

acre-feet per year for chemical process ing . An addit ional 317 acre fee t  

per year would be los t i n  the convers ion to steam . More than 9 0  percent 

of the water used in the cool ing cycle could be recovered , but Firestone 

estimates that 14 , 000  acre-fee t per year of water would be lost in the 

cooling proces s  through evaporat ion , leakage , and other cause s .  The 
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total consumpt ive water use for a 5 0 , 000  ton processing fac i l i ty using 

solvent extraction methods i s  es timated as  1 5 , 000  acre-feet per year 

( Donelson, 1980) . 

Eng ineer s  at the Goodyear Tire and Rubber Company d i sagree with 

these estimate s .  They bel ieve that process , steam, and cooling wa ter 

losses plus water used to convert bagasse into alcohol by fermentation 

would total only 3 , 100 acre-feet per year ( Donelson , 1980) . 

d .  Cost estimates : Sufficient exper ience was gained at the Mexican 

pilot processing plant to develop mater ials balance sheets and es timates 

of processing costs and quant ities of mater ials and energy required. The 

amounts of byproducts and guayule shrub processed to produce one me tr ic 

ton of rubber are shown in Figure 1 1 1 - 6 .  

prel iminary estimates for process ing costs a t  the Saltillo plant 

indicate a total mater ial s ,  labor , and energy cost of $819 US per metric  

ton of  rubber ( Table 1 1 1-10) . 

Energy content of guayule should also be cons idered, i . e .  the total 

amount of energy in the raw mater ial plus that used in convers ion 

operations , a concept called energy accounting .  In guayule , the main 

components of energy are in the solvents and process chemical s ,  the power 

r equi red to pump any water used and the steam and power requ ired in resin 

and rubber recovery operat ions . These energy requ irements can be offse t 

by utilization of the bagasse as fuel for steam and power generation. 

The energy content of guayule grown and processed in the Uni ted States i s  

a negative 1 , 500  BTUs per pound , whi ch means that growing and process ing 

guayule and using bagasse as fuel results in a net ga in of energy (Weihe 

and Niver t ,  1980) . Shrub harvested from wildstands and processed by the 

C IQA method in Mexico would produce a net gain of 3 , 200  BTUs per pound . 

Energy balance for guayule processing is  compared with that for synthetic 

rubbers and for hevea rubber in Figure 1 1 1-7 . 
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3 .  Product quality and utilization :  Three grades of i soprene 

rubber can be obtained from the guayule shrub : 1 )  resin-containing 

rubber ; 2 )  latex ; and 3 )  deresinated rubber obtained by removing resin 

from the shrub pr ior to shrub-milling or from mi lled shrub in e i  ther a 

wet or dry state . These grades of rubber differ in quali ty .  Rubber 

processed wi thout resin removal has a 2 0  percent to 25 percent resin 

content . For general indus tr ial use , the resin-containing rubber is  the 

poorest quality .  Only deresinated guayule rubber i s  now being considered 

for use . 

The resins adver sely affect i ts stress-strain character i s tics , 

decreasing the cure rate and requ ir ing compounding adj ustments . Also , 

the resins contain a pro-oxidant which speeds the deg radation of guayule 

rubber . Since the rubber does not contain a natural antioxidant as doe s 

hevea rubber , the guayule rubber tends to degrade and become tacky dur ing 

storage unless protected by adding ant ioxidants . Removing the resins 

reduces degradation and improves the physical properties of guayule 

rubber vulcanizate s .  Solvent extraction o f  resin from the guayule shrub 

or rubber wi thout adding ant ioxidants produces l i ttle improvement in the 

rubber ' s  quali ty until virtually all the resin i s  removed ( Taylor , 1975) . 

Arguments for removing resin are compelling .  Rubber qual i ty is  

vas tly improved ,  and the resin recovered may have a prof i table mar ket . 

The maj or argument against removing resin i s  the added costs of equipment 

and operation . However ,  these costs may be offset by the market for the 

recovered resins and a higher price for the higher quali ty rubber 

( Taylor , 1975) . 

Because guayule rubber i s  recovered from the whole shr ub ( including 

the roots) , dirt and rocks as well as cork and bagasse are potenti al 

contaminants . Contaminants are largely removed in the solution-phase 

pur ification process carr ied out at the Saltillo pilot plant.  Although 

the ash content i s  higher than in the best grades of hevea rubber , it i s  

not excessive (National Academy o f  Sciences , 1977) . 
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a .  Chemical s tructure : I t  i s  well known that the microstructure of 

natural isoprene rubber is one of the determining factors in its 

mechanical · proper t ies ( e . g . , ngreen s treng thn ) * ; and that i ts capati ty to 

crys tall ize under stress is due to a highly-regular polyi soprene chain  

exclus ively composed of  head-to-tai l  c i s-l , 4  structure (within the 

detecting l imits of modern equipment) . The synthet ic polyisoprenes  

available on  the mar ket scarcely reach 9 8  percent of  th is  structur e .  

Whi le in the pas t  i t  has been said that guayule rubber has a 

microstructure identical to that of hevea rubber , it  was claimed later 

that only 9 7 . 8  percent was made up of the head-to-ta il  cis-l , 4  structure ; 

recently , us ing nuclear magnet ic resonance ( H-300 Mhz and C13 ) i t  has 

been shown that guayule has a microstructure made up exclus ively of head-

to-ta i l ,  c i s-l , 4 s tructur e .  Although questions about the presence of 

carbonyl groups in the cha in ( correlated with gel formation in hevea 

rubber)  still exi s t ,  the identical microstructures of guayule and hevea 

essentially are assured (Campos-Lopez et al . , 1978) . 

Molecular we ight is  another very impor tant char acter istic of the 

elastomer . Dur ing stor age and process ing of the guayule shrub the rubber 

will be subj ected to d i fferent degradation condi tions.  This  can cause 

fluctuat ions in the gum prope r t ies . In synthet ic rubbers the molecular 

we ight can be controlled eas ily ;  however ,  in hevea rubber b iosynthesis  

makes molecular we ight hard to control , which could imply that 

cons iderable var iat ions ex is t  ( Campos-Lopez et al. , 1978) . 

Guayule rubber in its natural state presents impor tant d ifferences 

compared to hevea r ubber . Recent studies by gel permeation 

chromatography show that the molecular we ight (Mn) is in the order of 10 6 

and i s  unimodal with a polyd i sper s i ty lower than 2 . 5 .  In tests showing 

the character i s t ics of guayule rubber from four regions of Mex ico 

( Zacatecas , Coahuila,  Nuevo Leon, and Durango) , it has been found that 

the var iation in macromolecular s ize in guayule rubber is not mater ially 

i nfluenced by geographical locat ions ( Angulo-Sanchez et al . , 1978) . 

*See Section enti tled "Mechanical proper t ies . " 
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However ,  the rubber content i s  influenced by geogr aphical locat ions and 

shrub var iety . On th is  bas i s ,  i t  is poss ible to foresee that ,  unlike 

hevea , the genetic improvement of guayule will be helped as the 

character ist ics of the rubber are not markedly affected by modest  genetic 

changes (Campos-Lopez et  al . , 1978) . 

Wh i le molecular we ight is  a cr itical property ,  

used to measure it  use the soluble fract ion of 

methods generally 

the rubber , thus 

el iminat ing the gel . The gel i s  an impor tant fraction and noticeably 

influences the phys ical proper ties of the elas tomer . It  has been found 

that the gel content (macro and micro) of nat ive guayule rubber i s  

noticeably low ( less than four percent) and that i t  is  not increased 

dur ing storage , as is hevea rubber ; nor does it requ i re any chemical 

treatment to be prevented.  Th is  is  an important advantage for guayule 

rubber that will reflect advantages in i ts rheological proper ties and 

process ing (Campos-Lopez et al . , 1978) . 

The amount of branch ing in guayule rubber molecules has not yet been 

repor ted . Research is  now being done both at the Ins t i tute of Polymer 

Science at Akron Univers i ty and the Centro de Investigacion en Quimica 

Apl icada to determine the extent of l inear i ty .  Prel iminary results show 

that guayule rubber i s  predominantly made up of l inear cha ins (Campos

Lopez et al . , 1978) . 

Glass  trans i tion temperatures ( Tg) , crys tall ization , heat capac i ties 

( Cp) , e tc . , are very s imilar in guayule and hevea rubber . s tudies are 

being carr ied out to determine the crystallization efficiency of guayule 

rubber by di fferent ial scanning calor imetry ( DSC) and electron 

microscopy . Prel iminary results indicate that the crystall ization rate 

of these pure rubbers  is s imilar , but sl ightly faster in guayule . Th i s  

could be addi tional evidence o f  a greater l inear i ty i n  the guayule rubber 

macromolecule s .  Thermal and thermo-oxidative stability also have been 

s tudied . Act ivation energies of cha in sciss ion in both rubbers are very 

s imilar ( 20 Kcal/mole) ,  irrespective of the model used (Campos-Lopez et  

al . ,  1978) . 
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The amount of br anching and crosslinking among guayule rubber 

molecules has not been determined although the ease with which the rubber 

d i s solves " in solvent suggests that it is low. Li ttle gel is produced 

dur ing rubber format ion and l i ttle forms after extrac tion . The Saltillo 

pilot plant relies on dissolv ing the rubber in al iphatic solvent as a 

step in the pur i f ication process (National Academy of Sciences , 1977 ) . 

Dissolut ion would be very troublesome in the presence of moderate amounts 

of gel (Gregg , 197 9 ) . 

The rheolog ical proper ties of non-vulcanized guayule rubbers are 

j us t  beg inn ing to rece ive attention . Flow proper ties of thi s  mater ial , 

because of i ts macrostructure ( low gel and high l inear i ty) , should 

present impor tant behavioral advantages  compared to hevea rubber (Campos

Lopez et al . , 1978) . 

On a commerc ial scale , hevea rubber is  produced with a ser ies of 

impur ities (prote ins , sugar s ,  etc . ) ;  some are of great impor tance , as 

they assist fur ther proce ss ing steps (mill ing , vulcanization ,  etc . ) .  In 

the same way , guayule rubber now produced on a pilot scale contains 

impur i t ies , but the chemical composition of its components is  different 

from those present in hevea rubber . Thi s  is  one of the b iggest  

differences between the two rubbers and will  be  reflected both in the 

processing character istics (mill ing , vulcan ization , extrus ion , etc . ) and 

the mechanical properties ( tens ile ,  modulus ,  etc . ) i f  identical cur ing 

formulations are used (Campos-Lopez et al . , 1978 ) . 

b .  Mechanical proper t ies : Green streng th is  a measure of the 

streng th of raw rubber dur ing extens ion . Imper fections in the 

microstructure are bel ieved to be a major factor contr ibuting to 

reduc tions in the green strength of a polyisoprene rubber . The 

s imilar i ty of microstructure m ight be expected to result in s imilar green 

strengths be tween guayule and hevea rubbe r s ,  but measurements show that 

guayule ' s  green s trength i s  intermediate be tween that of synthet ic 

polyi soprene and hevea rubber . If  this proves to be a general feature of 
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guayule rubber ( and not j ust  that of early samples from a new pilot 

facili  ty) , i t  might limit the percentage of guayule that would be added 

to the blend of rubbers  used for tire making by large manufacture r s .  

Green strength i s  important only dur ing fabr ication , i . e . , before 

vulcanization. It does not affect the qual i ty of the final manufactured 

product,  and i t  i s  impor tant pr ima r i ly to large factor ies manufactur ing 

tires ( National Academy of Science s ,  1977) . Also, preliminary s tud ies 

ind icate that if guayule rubber has an apparent green strength less  than 

that of hevea rubber , thi s  could be increased by using chemical promoters 

(Campos-Lopez et al. , 1978) . 

"Building tack " measures how 

together before they are vulcani zed . 

fabr icating cer tain  types of ti res . 

well layers of raw rubber stick 

It  is a very impor tant property in 

Synthetic elastomers have less  

building tack than hevea rubber . Because hevea and guayule rubber have 

good building tack , adding ingred ients to increase tack i s  not necessary . 

The excellent f low and tack characteri stics of guayule rubber should make 

i t  sui table for t i re manufacture ( National Academy of Science s ,  1977) . 

The Mooney vi scosi ty ,  wh ich tests the flow of a rubber under applied 

force , has been measured at  9 5  to 105  in  modern guayule sample s .  Thi s  i s  

in the same range as hevea rubber and means that guayule rubber should 

not exceed hevea rubber in the amount of softening needed for extrus ion . 

But guayule rubber , l ike hevea rubber , probably will be more difficult to 

process  than synthetic i soprene rubbers ( National Academy of Science s ,  

1 9 7 7 )  • 

The plas ticity-retention index measures a 

s tab i l i ty .  Although the guayule sample tes ted 

rubber rheologi cal 

fell  short  of the 

standards of the h ighest quali ty hevea rubber , i t  i s  in the range of the 

hevea rubber used in t i res ( National Academy of Science s ,  19 77) . 

Systems for handling elastomers in  solution , modern technology for 

extracting oils using solvents , " ad hoc" drying systems , etc . , are recent 
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technolog ical achievements which make poss ible recover ing guayule rubber 

and byproducts with the necessary economic and technical qual i ty 

requ irements (Campos-Lopez et al. , 1978) . 

In the pas t,  l ittle or no effor t was made to standard ize the 

individual processes to a po int where the products had speci f ications 

s imilar to the Techn ically Spec i f ied Rubber s  ( hevea) .  Thi s  lack of 

spec i fications left potential users with no consistent opinion of 

guayule ' s  capabi l ities (Campos-Lopez et al . , 1978 ) . Evaluation stud ies 

of Mexican guayule rubber produced at Saltillo have been conducted us ing 

Amer ican Soc iety for Test ing and Mater ials (ASTM) and Eff ic ient 

Vulcanization rec ipes for determining the vulcanization character istics 

and phys ical properties of guayule rubber produced by modern technique s .  

Neglecting rec ipe modif icat ions , guayule rubber does have phys ical 

proper t ies s imi lar to those obta ined with hevea rubber vulcan izate s .  If  

a " technically specified" type of  guayule i s  commercially feas ible , i t  

can become a d irect subst itute for hevea rubber . In order to obta in the 

optimum phys ical properties ava ilable with guayule rubber , add i tional 

work attempt ing to f ind vUlcan ization rec ipes is needed (Winkler et al . , 

1978) . 

On ag ing , the percent changes in tens ile proper t ies of hevea and 

guayule rubbers were equivalent , thus indicating that the guayule was 

suffic iently stab il ized to age at the same rate as hevea (Winkler et al . , 

1978)  • 

c .  Process ing char acter istics : The presence of res ins in guayule 

rubber could be benefic ial to process ing by fac ili tating mill ing and 

extrus ion and even by reduc ing energy consumpt ion dur ing these 

operations . These aspects are be ing stud ied. Some prel iminary 

exper imental results on hevea and guayule energy consumption dur ing 

milling show guayule rubber requirements two percent lower than those 

necessary for hevea rubber (pale crepe No . 1 NBS and smoked sheet RSS No . 

1 ) . As the resin content of guayule rubber increase s ,  energy consumption 
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falls cons iderably . wi th respect to flow dur ing extrus ion, impor tant 

re sults have recently been obtained regarding advantages of the resin in  

guayule rubbe.r 'and i ts poss ible use as a plasticizer in  hevea rubber and 

styrene-butadiene rubbers  (Campos-Lopez et a l . , 1978) . 

Because of its  structural s imilar i ty to hevea rubber , no 

diff iculties are expected in  processing guayule rubber wi th s tandard 

equipment . I t  softens read ily and i s  expected to extrude readily and to 

flow properly in molds .  Guayule rubber differs slightly from hevea 

rubber in the ratio of chemicals needed to compound i t  for adequate cure 

rates because of the slightly di fferent non-rubber impur i ties in 

commercial hevea rubber . Both contain small amounts of moi sture ,  d i r t ,  

terpene s ,  and tr iglycer ide s ;  but , guayule lacks the protein and amine 

" impur i  ty" that i s  beneficial to the cur ing proper ties of hevea rubber . 

Guayule ' s lack of vulcani z ing activator s causes i t to vulcani ze more 

slowly than hevea rubber . However , by adding accelerator s to the 

formulation th i s  can be readily over come ( National Academy of Science s ,  

1 9 7 7 )  • Recent exper iences in rubber compounding by Goodyear Tire and 

Rubber Company , Goodyear Oxo Mexicana , and others  have not revealed 

s igni ficant problems . 

d .  Performance : Almost noth ing i s  known of guayule ' s per formance 

under full operating cond itions . Vi r tually all the 120 , 000 tons of 

r esin-containing rubber purchased by rubber companies between 1903  and 

1946 were blended wi th hevea rubber and may have been used as much for 

i ts tack iness as for i ts rubbery nature ( National Academy of Science s ,  

1 9 7 7 )  • 

While the federal guayule proj ect was winding down in the early 

1 9 5 0 s ,  several tons of deres inated guayule rubber were di str ibuted to 

industry for per formance testing .  Results were erratic ( not always 

attributable to the rubber ) ;  but , in a federally supervised tes t ,  

Firestone Tire and Rubber Company placed one guayule tire and one hevea 

t ire on the back wheels of three gravel-laden trucks.  To ensure equal 
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wear , the t ires were swi tched regular ly .  The guayule tires per formed a s  

well a s  the hevea tire s .  One guayule t i r e  surv ived 50 , 9 00  miles without 

showing a cody break (National Academy of Science s ,  1977) . 

Var ious Mex ican , U . S . , and European rubber companies have been 

te sting guayule rubber for both t ire and non-t ire use (Campos-Lopez et 

al,  1978) . Based on laboratory and f ield tr ials ,  CIQA, the Univer s i ty of 

Akron , and the Goodyear Tire and Rubber Company have recently conf i rmed 

that guayule i s  capable of y ielding h igh quali ty natural rubber . 

Automobi le and truck t ires containing 35  percent to 40  percent guayule 

rubber have passed vigorous U . S .  Depar tment of Transportation high speed 

and endur ance tes ts and a number of the diagnostic tests (Dyckman , 1978) . 

Goodyear has recently deve loped a 10-foot-h igh , S , OOO-pound ear thmover 

t ire containing 1 , 9 0 0  pounds of guayule rubber . Tires retreaded with 

guayule rubber showed normal wear and per formance on the main landing 

gear of a United States Navy j e t  f ighter . Guayule rubber is  cons idered 

an acceptable substi tute for hevea rubber on rebu ilt A-7 a ircraft ma in  

landing gear t ires (Fontanoz , 1980) . 

Results of previous tests have led Goodyear to conclude that the 

technical qualit ies of pur i f ied guayule rubber make i t  acceptable for use 

as a replacement of hevea rubber and synthetic " natur al" rubber ( c i s

poly isoprene) in many t ire formulations . It  i s  believed that the 

var iab i l i ty found in tes ting pilot plant batches of guayule rubber would 

be improved greatly by large volume commercial produc tion ; and, i f  

guayule were available today a t  a compet i t ive pr ice , i t  wou ld find i ts 

place in the rubber market . Based on its evaluation of guayule r ubber , 

Goodyear is  optimistic that additional research will make guayule a 

viable produc t ,  compet i t ive with hevea pr ices of the 1980s (Riedl and 

Creasey , 1978) . 

If  guayule rubber produc t ion were resumed,  i t  would likely be used,  

initi ally at leas t ,  in blends with hevea and synthet ic poly isoprene 

rubbe rs  and with the more widely used styrene-butadiene synthet ic 
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rubbers . Under such circumstances , sl ight differences from hevea rubber 

in  process i ng or properties are less noti ceable , a factor which could 

greatly fac i l itate commercial guayule i ntroduction (National Academy of 

Science s ,  1977 ) � 

4 .  Byproduct characte r ization and utilization : Perhaps more than 

any other factor , commercial use of guayule byproducts could affect 

guayule rubber product ion economics . Each ton of rubber extracted 

produces about e ight tons of wood f ibe r (bagasse ) , half a ton of res ins , 

and about one ton of leaves . 

The components of harvested guayule shrubs are shown in  thi s  table 

from the National Academy of Sciences (1977 )  repor t on guayule (Table 

I II-H ) • 

TABLE I I I-II 

COMPONENTS OF HARVESTED GUAYULE SHRUBS 

Moi sture 

Rubber 

Res ins 

Bagasse 

Leaves 

Cork 

water Solubles 

D i r t  and Rocks 

*Dry weight bas i s .  

Source : National Academy of Sciences , 1977 . 

9 7  

Percent 

45  - 6 0  

8 - 26*  

5 - 15 

50 - 55* 

15 - 20*  

1 - 3 

10 - 12* 

Var iable 



a .  Res ins : Ident ifying and characte r i z ing guayu1e ' s  acetone-

soluble cons tituents rece ived major attent ion dur ing guayu1e research 

e fforts in the 1940s . The res ins seemed to offer the most economic 

value . In shrub deres ination of var ie ty 593 , approximately one-half 

pound of resin could be obta ined from each pound of rubber produced . 

Deres inating rubber extracted in the form of worms re sulted in about half 

that yield . Res in availability var ies with varying res in contents of 

different stra ins of guayu1e . The resin differs with respect to 

percentage composition of pr inc ipal components depending on whether it  is 

essentially a total extractive as with " shrub res in" or a par t ial 

e xtrac t ive as with "worm resin . " Essent ially all the res in could be 

obta ined by solvent extraction of the shrub before extract ing the rubbe r 

(Hammond and Po1hamous , 1965 ) . Small-scale pilot tests to explore the 

feas ibility of removing res in and coagulat ing the rubbe r in the cells by 

extraction with water-miscab1e solvents such as acetone and alcohol 

indicated that milling the res idual shrub resulted in high recove ry of 

excellent rubber (Byrne , 1979) . 

Figure 1 1 1-8 shows the major resin constituents in whole shrub 

extracts . Re s in components as descr ibed by Hammond and Polhamus ( 19 6 5 )  

are a s  follows . Some 3 7  percent of the res ins obtained from the rubber 

worms cons ists of unsatur ated long-chain fatty acids , notably l inole ic 

acid , along with traces of linolenic and ole ic ac ids . Linole ic acid has 

an established pos ition in the paint and varnish indus try . 

Cinnamic acid is present in res in as the ester of par then io1 and can 

be released by saponif icat ion . I t  has an established value in the 

cosmetics and pharmaceut ical industr ies . The sesquiterpene cinnamic 

ac id ester , guayu1e A, has been identified as a potent elicitor o f  

allerg ic contact dermat itis , comparable to poison ivy allergens , in 

laboratory animals (Rodr iguez et a1 . , 198 1 ) . 

A "drying resin" fraGtion readily obta inable from shrub res in is  a 

hexane-insoluble , alcohol-soluble she 11ac1ike gum res in eas ily 

polyme r i zed to a heat-resistant clear coating of good solvent re sistance . 

Thi s  fraction constitutes 3 5  to 50 percent of the shrub res in bu t 

constitutes a much smaller proportion of the worm res in . 
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Guayule terpenes cons ti tute a potentially valuable " naval stores" 

type of byproduct.  Three percent to  f ive percent of  the worm res in,  a 

much higher propor tion of leaf res in,  is  compr ised of volat ile terpenes 

including alpha-pinene , d ipentene , cadinene , par theniol and others . 

Sesqui- , di- , and higher terpenes also are readily obtainable in 

s ignif icant quantities from the nonvolat ile , unsaponi f iable fraction .  

The "drying res in" fraction i s  o f  the greatest interest and probably 

i s  of most economic value . Apparently all rubber-mak ing plants make 

larger or smaller amounts of cyclic tr i-terpene alcohols ,  such as lupeol 

and -amyr in which are comb ined as este r s .  I n  some cases these same 

cyclic tr i-terpenes are present as ox idized carboxyl group-conta ining 

der ivat ive s .  The drying res in fract ion may be o f  a tr i-terpene nature 

and poss ibly may conta in d i terpenes such as ab ietic and pinar ic ac ids . 

If  this is  true , the dry ing res in fraction could compete in the "naval 

s tores" industry . This  would be of economic impor tance as this  indus try 

needs a new source of the h igher cycl ic di- and tr i-terpenes for pa int,  

paper s iz ing and so on ( Bonner , 1979) . 

Betaine , a consti tuent of guayule res ins , i s  found in water extracts 

of guayule shrub . This  substance commonly is  obtained as a byproduct of 

the sugar beet industry. It has a l imited market as a pharmaceutical and 

as an intermed iate in produc ing sur face-active agents , dis infectants and 

other chemicals ( Hammond and Polhamus ,  1965 ) .  

In research at the Institute of Polymer Science , Univers i ty of 

Akron , studies have been made of poss ible guayule res in appl ications as a 

peptiz ing agent for natural rubber , helping to break down gel of high 

molecular we ight fractions in the rubber wh ich now are broken down by 

mechanical shear . 

S tudies of guayule res in to develop varnishes and adhes ives have 

been underway at the Centro de Investigacion en Quimica Aplicada . 

Poss ible other uses such as pigment disper sor s for rubber and tack i f iers 

are be ing evaluated.  
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Recent s tudies by Firestone have shown that through chemical 

mod i f ication of the whole resin,  a tack i fying resin can be prepared 

g iving simi lar ' proper ties to mater ials currently be ing used in tire 

compound ing . Commercial tac k i fying res ins are pr iced from $ . 30 to $ . 4 0 

per pound (We ihe and Niver t ,  1980) . 

Research is  needed to dev ise commerc ially feas ible techniques for 

separating the res ins into the ir saleable products . I t  is conceivable 

that the resins could prove to be more valuable than the rubber ( National 

Academy of Sciences , 1977) . If a use is found for guayule res in,  that 

fact would influence profoundly production methods and the quality of the 

rubber recovered ( Taylor , K . , 1946 ) . Ongoing stud ies at the Unive r s i ty 

of Akron and Goodyear Tire and Rubber Company on byproducts and resins 

may answer quest ions about net value of non-rubber cons ti tuents of 

guayule . 

b .  Bagasse : Based on we ight,  the bagasse consti tutes the largest 

amount of byproduct.  I ts impor tance as a source of fuel for guayule 

processing is ind i sputable . ERP work showed that properly dr ied bagasse 

can be made to supply all heat requ irements needed for large process ing 

operat ions . For thi s  purpose bagasse must  be dr ied down to le ss than 3 5  

percent moisture content . Th i s  can be accomplished in two stages : 

f i r s t ,  a reduction to 6 3  percent to 6 5  percent moi sture in a centr i fugal 

filter ; followed by further dry ing by means of stack gase s .  The entire 

operation ,  including the s tok ing , can be handled mechnically (USDA Bureau 

of Agr icultural and Industr ial Chemistry,  1953 ) . Bagasse from a direct 

solvent extraction process is essent ially anhydrous and would require no 

drying . Production of guayule rubber results in a net gain in energy of 

about 1 , 50 0  BTUs per pound rubber due to the high calor ic value of the 

bagasse . 

Some of the first  wor k by the ERP contempla ted using bagasse for 

cover ing guayule seed in the nur ser ies and as a soil amendment. Us ing 

bagasse in thi s  manner did not introduce any pathogens , although under 
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certain condi t ions i t  adver sely affected young seedl ing growth. The 

effec t ,  wh ich did not per s i s t ,  was ascr ibed to the fact that the so il  

microorgaRisms tied up the n i trogen , normally ava ilable for plant growth 

when bagasse was added to the soi l ( Taylor , K . , 1946 ) . Stud ies of 

bagasse used as a soil amendment and fer til izer indicated , as a general 

rule , that guayule bagasse should not be added to the soil as an organic  

mater ial unless n itrogen is  added with it .  It  would appear then that 

bagasse could be used as an amendment to the heav ier soils for its 

l ightening effect,  but i ts value as a fer t i l izer i s  questionable ( Taylor , 

K . , 1946 ) . 

CIQA repor ted a potential use of guayule bagasse as an an imal feed 

supplement (CIQA , 198 0 ) . The bas ic process is a microbial fermentation 

of cellulose residues to produce large amounts of prote in in the 

microorganisms feed ing on the bagasse substr ate . Table I I I-12 shows the 

chemical compos ition of guayule bagasse . Cellulose and hemicellulose , 

polymer s  of simple sugar s ,  gener ally are the largest fract ion of cell 

wall mater ial in plants and are the maj or cons ti tuents of guayule 

bagasse . They also are the ma in subs trate used by bacte r i a .  S ince 

bagasse will be produced in large amounts and the process water from 

rubber extraction might supply the water needed for fermentation , a 

combined rubber extraction/fermentation faci l i ty has been proposed . The 

process is  still in the exper imental stage and fermentat ion has only been 

carr ied out at the laboratory level . Large-scale tests of palatab i l i ty 

and effectiveness as an animal feed have not been conducted . 

c .  Water solubles :  The water solubles of guayule can be classi fied 

as three type s :  polysacchar ide s ,  amino acids , and inorganic salts . The 

polysacchar ides compr i se levulins ( fructose polymers)  and pentosans , 

including poss ibly xylan . The amino acids include betaine , di scussed 

above . Inul in-der ived levulins are present in the defoliated shrub to 

the extent of 8 percent to 12 percent,  and are extracted readily by hot 

water . They are of interest as a possible source of low-cost alcohol 

( Hammond and Polhamus , 1965) . Levul ins are readily extracted by hot 

water ( 8 0oC) . Thus , they will concentr ate in the mill ing and other 
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TABLE I I I-12 

CHEMICAL COMPOS ITION OF GUAYULE BAGASSE 

Composi tion Percent 

Cellulose 2 3  2 4 %  

Hemicellulose 

Xylose 20  22%  

Arabinos 4 5% 

Galactose 2 3 %  

Manose 0 . 5  - 1% 

Rubberl 1% 

Resi nl 5% 

Prote in2 4 . 7% 

Ash 1 2%  

1 Var ies according to extraction efficiency . 

2 % N X 6 . 2 5 

Source : CIQA ,  1980 . 
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process ing waters  to the extent of 3 percent to 5 percent.  Fur ther 

concentration m ight result from greater reuse of process wate r s .  The 

d irect conver sion of the h igh polymer ic inul in to alcohol in 90  percent 

y ield can result from fermentat ion with the proper str a in of 

Saccharomyces frag i l i s  ( NRRL) . Despi te the high concentrat ion of 

pentosans ( xylan) in the guayule tissue ( 1 2  percent to 15 percent) , its 

low solubi l i ty in hot water precludes the presence of much of thi s  

mater ial i n  proces ing water s .  I f  read ily obtainable i n  s ignif icant 

quantity ,  it could be used as source mater ial in the product ion of 

fur fural ( USDA Bureau of Agr icultural and Industr ial Chemistry , 195 3 ) . 

d .  Effluent : Large quantities  of water are used in the flotation 

method of guayule rubber extract ion (CIQA process) . The water from the 

flotation tanks contains caust ic soda , organic and inorganic mater ial 

from dirt  cl ing ing to the shr ubs , and water solubles descr ibed ear l ier . 

Caustic soda and water mus t  be almost entirely recycled for the process 

to be economical (Glass ,  1979) , and incomplete recovery will result in 

effluent conta ining caus t ic soda and other organic and inorganic 

chemical s .  Waste water from the ERP process  and from hevea rubber mills 

was safe for plant irr igation (Bonner , 1979) , but caus t ic soda in the 

effluent would make this  hazardous . The Firestone method of rubber 

extract ion would not produce any ef fluent.  

e .  Leaves :  Large amounts of leaves accumulate at a guayule mill 

and must  be d isposed of in one way or another . In early attempts they 

were dr ied for use as boi ler fuel , as was bagasse . The pract ice was not 

practical because of the large amounts of heat required to dry them 

sufficiently ( Taylor , K . , 194 6 ) . Recent work in the Un ited State s 

suggests that it  may be practical to gr ind the whole shr ub pr ior to 

direct solvent extr action . Thi s  would produce an anhydrous whole plant 

bagasse compr i sed of cor k ,  leaves ,  and fiber . 

Invest igations of the use of leaves as fertil izer showed favor able 

growth responses when leaves were appl ied at rates comparable to those 
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commonly used for farm manure . So il  appl icat ions of dry guayule leaves , 

wh ich were removed from the plants wi thout boil ing , retarded crop growth 

as they t ied up the n itrogen ava ilable for plant growth . Parboi led 

leaves did not have th is  effect . I t  may be concluded that leaves removed 

by parboi l ing may be used as fer t i l i zer  (Taylor , K . , 1946) . 

The leaves represent an impor tant untapped source of guayule res ins , 

especially volatile terpenes , wax and plant pigments . However ,  much of 

the leaf value for res ins would be diss ipated in the parboil ing process . 

Leaves const i tute an excellent soil amendment , especially when composted . 

After par boil ing , they can be compressed into a building board which , due 

to the structure of the leaves , possesses a pleas ing pattern . As a 

source of l ivestock feed , leaves appear to have no value because of the i r  

unpalatabil ity (USDA Bureau o f  Agr icultural and Industr ial Engineering ,  

1953 ) . 

f .  Wax : Cuticle wax consti tutes 2 . 5  percent of guayule leaves on a 

dry we ight bas i s .  Th is  i s  a hard wax with one o f  the highest  melt i ng 

points ( 1690F) ever recorded for a natural wax , particularly impor tant 

today because hard waxes are in universal demand (Nat ional Academy of 

Sciences , 1977) . I ts relat ive hardness , molecular weight , and melt ing 

point j us t i fy its cons iderat ion as a SUbstitute or extender for carnauba 

wax (USDA Bureau of Agr icultural and Industr ial Eng inee r i ng ,  1953) . 

I t  may be that none of the suggested uses for the leaves will be 

useful in the long run unles s  the whole shrub i s  ground for direct 

solvent extract ion . It  would appear that extracting the cuticle wax may 

be mos t  promis i ng .  However ,  in view of the small quantity involved and 

the fact that the wax would have to be removed by solvent extraction , 

th i s  process may not be economically viable (Bonner , 1979) . 

g .  Oil : A volat ile oil with a distinct ive l inge r i ng ,  spicy odor 

can be separated from the res ins and leaves by steam d i stillat ion . The 

oil contains mono- and sequi  terpenes ( including � and Spinene , l imonene , 
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cadinene and par theniols 3 and 4 ) , and may be valuable to industry 

( National Academy of Sc iences ,  197 7 ) . 

h .  Cor k :  The cor k i s  conveniently obtained in a water logged 

condi t ion from the las t  flotation tank discharge . It  has been suggested 

as a poss ible l inoleum f i ller ;  but no tests have been conducted ( Hammond 

and Polhamus ,  1965) . 

i .  Seeds : Guayule seed contains oil  and has a prote in content of 

11 percent to 14 percen t.  Its potent ial use as human and animal food i s  

unknown , therefor e research i s  needed to test guayule as a n  oilseed crop. 

I t  produces many seed s .  Dur ing the 1940s , seed collect ing and processing 

equipment was des igned but the seed was used for propagation ( National 

Academy of Sciences , 197 7 ) . 
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CHAPTER IV. PROSPECTS FOR GUAYULE COMMERCIALIZATION 

Commercial production of guayule in  Mexico will depend on gover nment  

suppor t ,  wh ich in turn depends on numerous pol i tical and economic 

factor s .  The overall program direction will l i e  with the agency 

de signated to create an integrated approach to dealing with rural pover ty 

in  the marg inal and ar id zones . Pol i tical factor s will interact with the 

techni cal , agronomic ,  social , and economic aspects of harvesting ,  

growing , and process ing to determine the course of commerc iali zation .  

Thi s  chapter presents a review o f  the forces that could promote or 

constr ain guayule commercialization . 

A .  Dr iving Forces 

Forces that are operating to promote the commercialization of 

guayule can be grouped into three categor ies : 

1 .  Federal goals and plans ; 

2 .  Regional development prog r ams ; and 

3 .  Governmental and academic research and development programs . 

1 .  Federal goals and plans : Mexico ' s  reported reserves of 

petroleum and natural gas are the third  largest in the wor ld . Projected 

petroleum expor t revenues for 1981 exceed $15 billion US ( Latin Amer ican 

Weekly Repor t ,  1981) . The effor ts and programs of some government 

agencies have been redirected to utilize federal revenues from the state

owned petroleum i ndustry , Pe troleos Mexicanos ( Pemex) , to develop 

industries based on renewable resources . All development plans are 

outlined in  the Global Development Plan . Specific  obj ectives are def ined 

in a var iety of plans , includ ing the National Agroindustr ial Development 

Plan ; the National Indus trial Development Plan ; the Mexican Food Sys tem; 

and the Deser tif ication Plan . Guayule development appears to be a 

promising means of suppor ting some national plan goal s .  
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Mexican imports cons iderably exceed expor ts , consumer pr ices are 

r i s ing rapidly , and fore ign credi t  is becom ing t ighter and more 

expens ive . The 1982 peso devaluat ions will affect dramatically , both 

posit ive1y ' arid negat ively ,  any guayu1e deve lopment programs . 

The government now requi res permits for 90 percent of the total 

value of Mex ican imports in an effort to stem the eve r widening trade 

def ic it .  Mexico currently f ills its rapidly expanding demand for natural 

rubbe r with impor ts . Thi s  contr ibutes to the flow of cash out of the 

country without generating any potent ial exports to help achieve a more 

favorable balance of trade . Domest ic production of substant ial amount s 

o f  rubber could be of some help in reducing Mex ico ' s  trade def icit . 

Mexico ' s  economy has been expanding rapidly , and a ser ious shor tage 

of rubber could adver sely affect thi s  expans ion . A long-term 

internat ional shor tfall of natur al rubber would decrease the availabi lity 

o f  adequate quantities of rubber and dr ive up rubber pr ices . Polit ical 

instabil ity in the major hevea rubber expor t ing countr ies or the use o f  

r ubber a s  a political weapon could drastically reduce avai lable suppl ies . 

It i s  conce ivable that d i sease in  Hevea plantations might diminish 

suppl ie s ,  or  that convers ion of rubber plantations to a more profi table 

palm o i l  product ion could create shor tages .  All of these concerns 

regarding potential shortages strengthen the argument for using guayu1e 

as a means for developing the nor thern ar id reg ion and they demonstr ate 

the need for a national program for po1yi soprene rubbers  ( synthetic and 

natural)  as has been pointed out recently (MacGregor , 198 0 ) . 

Nat ional prestige and the des ire for self suff ic iency in  impor tant 

commodities is a les s  tang i ble concern,  but should be cons idered a 

s ignificant force . 

2 .  Reg ional development programs : Guayu1e commerciali zation is  one 

of the development programs targeted for the largely rural northern ar id  

reg ion . The reg ion , a substantial part  of Mexico ' s  total land surface , 
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i s  spar sely populated and its resources are unexplo ited or only part ially 

developed , whi le there are other areas in Mexico that have ve ry h igh 

population dens it ies and overused resources . 

The most  di rect regional benefit from guayule commerciali zation 

would be economic . The entire reg ion is  character ized by underemployment 

and a shor tage of j obs in wh ich a person can earn an adequate wage . 

Harvest of several k i nds of economically useful wild plants i s  commonly 

practiced . Guayule is not harves ted for comme rcial use now , but many 

res idents remember when the shrub was an important source of income , and 

they would l ike to see a return of the industry to provide more jobs and 

a greater diversity of economic activi ties . 

I n  addition to the new jobs and increased income result ing from the 

development process itself , the guayule program will help st imulate the 

development of needed community services such as better roads - g iving 

improved access to outs ide markets - improved and extended water and 

power distr ibut ion networks , and sewage disposal systems . Government 

health and education services can be expected to extend into the areas 

be ing developed in conjunction with the guayule collection centers .  

Service sector jobs , s uppor ted by the increased money flow and 

concentration of populat ions at regional center s ,  would br ing mor e  

consumer goods , services , and addit ional jobs . 

3 .  Governmental and unive r s i ty research programs : Research and 

development is ongoing in the f ields of guayule biochemistry , rubber and 

byproduct analys i s , engineer ing for proces sing facili ties , and product 

development . Guayule-related socio-economic , agronomic , ecological , and 

feas ibili ty studies are also be ing conducted . Guayule research was 

initiated in 1972 unde r the sponsorship of the Nat ional Commiss ion of 

Ar id Zones (CONAZA) and the National Counc il on Sc ience and Technology 

(CONACYT) • CONAZA i s  in charge of arid lands development . Guayule is  

one of its most impor tant proj ects . In 1976 the Mexican government , 

through CIQA , comple ted a pilot plant to process wild guayule at 

109 



Saltillo , Coahui la ,  Mex ico. The plant has a process ing capaci ty of one 

metr ic ton of guayule shr ub per day . Analysis  and te st ing of the rubber 

produced' at the pilot plant show guayule to be an acceptable substitute 

for hevea in most appl ications . Improved process ing methods were 

developed and have been included in the eng ineer ing de s ign for a larger 

commerc ial faci l i ty .  

An international guayule confer ence was held in Tucson , Ar izona , in  

197 5 .  Technical papers were presented by sc ient ists and the proceed ings 

of the conference were subsequently publ i shed . A second international 

conference was held in Salti llo , in 1977 , to discuss the new Mex ican 

process ing procedure s ,  the chemi stry of guayule rubber , and the ag ronomic 

and ecolog ical impl icat ions of recent developments . The proceed ings  of 

thi s  conference were publi shed in 1978 by CONACYT. A third international 

guayule conference was held in the Uni ted States in 1980 , in Pasadena , 

Cali fornia.  

Germ plasm has been collec ted from natural guayule stands , and 

plantings have been establi shed for y ield tests and seed increases � some 

plant breed ing studies are underway . S ignif icant research also i s  be ing 

conducted to increase guayule rubber y ield by treating the entire plant 

with chemical or bioregulatory agents .  

determine guayule d is tr ibut ion and dens i ty.  

Surveys were undertaken to 

The great amount of time , 

effort and f inanc ing that have already gone into guayule research , and 

the h igh level of interest in guayule that has been evidenced on an 

i nternational level all add a we ight of the ir  own to dr ive the guayule 

development process forward . 

B .  Constraints 

Some national , reg ional , and , to a small degree , local concerns may 

inh ib i  t guayule commercialization . These include the economic 

unce rta inties of the program and the funding for i t �  the incomplete and 

chang ing def inition of development agencies and potential confl icts 
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be tween them; land use and land tenure confl icts ; incomplete planning at 

the national and regional leve l ;  and environmental concerns . 

1 .  Economic uncer tainty :  Funding for all aspects of the guayule 

agroindustr i al program comes or would come from federal revenue s 

generated largely by petroleum expor ts . The unstable oil market and 

varying prof i t  predictions create uncertainty in budgets of agencies 

channeling oil revenue into development proj ects . Thi s  uncertainty 

increases the r i sk of relying on the federal government as the sole 

source of funding . 

Cos ts and benef i ts of the guayule program also are uncertain.  It 

would be developing in  a r apidly chang ing scene . Other reg ional 

improvement programs will in par t  accompl i sh the soc io-economic aims of 

the guayule program, and some may actually compete with it for the 

l imi ted resources of the reg ion such as manpower , land , and water . 

Benef i ts resulting directly from guayule commercialization are difficult 

to calcula te . 

and cost of 

Major uncertainties exi s t  regarding the long-term supply 

guayule shr ub and the pr ice of impor ted hevea rubber . 

Current natural r ubber pr ices are well below those predicted a year ago. 

I f  hevea pr i ces remain  below the cost of producing guayule rubber , every 

pound produced increases the actual cost to Mexican consumers of the 

guayule rubbe r .  That i s ,  the industry would have to be subs idized a t  a 

t ime when there i s  i ncreasing pres sure to make all government programs 

self-suppor ting , i f  not profi table . 

I f  the intent of the guayule program i s  to produce a s ignificant 

quanti ty of rubber and reduce the flow of money out of the country , the 

large amount of mach inery and equipment that would probably be necessary 

for large-scale farming and proce ssing of the shrub should come from 

domestic sources . I f  the equipment i s  not avai lable internally , the cos t 

in  terms of the balance of payments of impor ting substantial amounts of 

mach i nery could offset savings from reduced rubber impor ts . 
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Economic uncertainty i s  also a concern at  the regional level .  The 

guayule i ndustry has already exper ienced one boom-bust cycle wi thin the 

memory of ' some res idents of the nor thern ar i d  reg ion .  Concern ' over a 

repeated boom-bust cycle might affect local and reg ional support for the 

re introduction of a program with the inherent uncer tainties of shr ub 

supply and rubber market pr ices . Thi s  fear of failure of the program may 

also affect the individuals and agenc ies promot ing the program.  

Directing or  work ing in a program that ultimately fa ils could be  career

damag ing . 

2 .  Agency interactions : With the change of national pres idents , at 

s ix year intervals , there is  often a maj or change in personnel and 

program emphas i s ,  including the creation and dissolution of agenc ies . 

The uncer ta inty of program suppor t by new admini strations may decrease 

suppor t for long range programs . The for ce of such a cons traint would 

probably depend on the extent to which the program is self-suppor ting . 

Mex ico lacks a clear ly art iculated federal rubber policy ,  although 

the country i s  unique in i ts large number of potent ial rubber sources : 

domestic hevea production � domestic synthet ic rubber production based on 

suppl ies from a large federally owned petroleum indus try � domestic 

guayule product ion � and hevea and synthetic rubber impor ts . Even i f  

guayule i s  viewed as an impor tant component of the national elastomer 

supply , the absence of a government d irect ive to integrate guayule rubber 

development programs into a broader pol icy may cons train large-scale 

development . 

The complexi ty of potent ial agency interact ions , even when largely 

d irected by the federal government , presents many oppor tuni t ies for 

conflicts be tween agenc ies . Compet i t ion may ar i se for program leadership 

and recognition , and involved agenc ies may be d irect ing other programs 

with conflicting needs for l imited resources , sk ills,  and funds . The 

par ties-at- interest in guayule deve lopment are identif ied in Chapter VI I ,  

the pol icy analys i s  section of thi s  repor t .  Agenc ies ' areas of 
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respons ibilities , potential overlapping of interests , and poss ible 

confl icts are d iscus sed there . 

Poor cooperation and lack of confidence between pr ivate industry and 

federal agencies may inhibit  guayule commercial i zation . There i s  a 

nearly un iversal perception of federal inefficiency in operating an 

industry . Whether other forms of ownership and control are more  

effic ient i s  debatable , but the percept ion often creates an  adversar ial 

pos it ion between government and involved i ndustr ies . Government and 

industry are potentially in conflict over process ing and marketing 

policies . Even though the amounts of rubber involved are small ,  Mexican 

r ubber companies have not been enthus iastic about federal direct ives to 

purchase domestically produced hevea rubbe r because of its highly 

var iable quality .  Similar reluctance could be expected if  industry does 

not actively participate in the guayule development program.  

3 .  Envi ronmental concerns : Some uncertainties regarding pos sible 

environmental effects of guayule industry operations may constrain its  

development . The concerns fall into three categor ies : envi ronmental 

pollut ion , resource deple tion and trade-offs , and environmental damage 

(desertif ication) . 

The major concerns that have been expressed about potential 

envi ronment pollution involve the release of process water wastes  

containing caustic soda (NaOH) . I f  recycl ing procedures are not 

implemented unti l  several years after process ing star t s ,  as seems l i kely 

from current technology , it will be necessary to di spose of large 

quant it ies of was te water . Released water could contaminate local 

surface waters or seep into wells and aquifers . 

The solvents used in the extraction process , are both flammable and 

toxi c .  Standard recycl ing procedures should prevent release of  

s igni f icant amounts into the a i r  and into effluent water , and adherance 

to standard safety procedures should prevent ser ious accidents . Howeve r ,  
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concern over undef ined methods and potent ial danger could create 

res i stance to development . 

its 

water' supplies in the reg ion are limited . 

use for process ing and in nurser ies and 

constrain the guayule program .  

Poss ible conflicts over 

i r r igated farms could 

There is also some concern that a strong dr ive to increase wildstand 

harvesting might deplete those populations and lead to destruction of 

other competing but economically valuable native plants . D isplacement to 

non-guayule land of act iv it ies such as graz ing might cause over-use of 

thi s  land , as well , result ing in a decrease in plant biomass and 

d ivers i ty .  Dependence on the land and many of its products , rather than 

rel iance on a s ingle source , adds to rural economic stabil ity . Failure 

of any one income source can br ing economic hardship but fa i lure or 

destruction of an indus try on which many had become h ighly dependent 

could be d i sastrous . 
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V. SCENARIOS FOR THE FUTURE 

Two development scenar ios are proposed to represent feasible 

alternatives for developing a Mexican guayule industry : one , Scenar io A, 

is based on harvesting wildstands of guayule and is motivated by social 

needs ; the other , Scenar io B ,  assumes cultivation of guayule in  extensive 

dryland farming operations in order to meet one-third of Mexico ' s  natural 

rubber demand by 1995 . The scenar ios are not predictions about 

development or suggestions about how commercialization should occur . 

They are designed to give a structure from which to general ize poss ible 

impacts , pol icy confl icts , and pol icy needs . Inherent in  the scenar ios 

i s  a common set of s tate-of-soc iety and rubber mar ket assumptions as 

par tially outlined in Tables V-I and V-2 .  World and Mexican rubber 

supply and demand are proj ected in Table V-3 .  The sociopoli tical , 

guayule technology , and regional sector assumptions upon which each 

scenar io is based are di fferent for each scenar io and are di scussed 

separately in each forecast section . 

The two scenar ios are intentionally restr ictive . Guayule could be 

harves ted or grown in  a much larger area throughout i ts natur al 

d i s tr ibution . The small Mazapi l r egion was chosen for scenar io analysi s  

because impacts resulting from development there , one of the most 

marginal and economically depr essed areas in  nor thern ar id  Mexico ,  should 

be representative of impacts from developing guayule in nearly any par t  

o f  the guayule zone , although the impacts may be magni fied in the Mazapil 

region. Mazapil is a sui table location already selected for government 

programs of limi ted guayule commercialization .  

Although many scenar ios could be created , examining small-scale and 

large-scale development possibili ties provides reasonable bounds to the 

study . The range of other possibili ties should lie  somewhere between the 

two scenar ios that have been developed here  in detail .  Impacts and 

pol i cy options relevant to new condi tions can be inferred from thi s  

technology assessmen t.  
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TABLE V-I 

SCENARIOS A AND B STATE-OF-SOCIETY ASSUMPTIONS* 

• No natural di sasters or war s of wor ldwide dimensions will occur . 

• International tensions between major powers and big-small and small-

small country confl icts will increase . Pol itical instab i l i ty in  

rubber-producing reg ions in Southeast Asia will  continue . 

• World population will continue to increase , but the rate of increase 

will be slower . 

• The pressures of population growth and dwindl ing natural resources 

will continue to challenge capab i l i ties . Self-suffic iency in bas i c  

foodstuffs is  a long-term goal. 

exporter . 

Mexico will remain a net-energy 

• Mexico wor k s  toward a more favorable balance of tr ade . 

• OPEC will continue to be a dominant factor in the world economic 

s i tuation and the pr ice of crude oil will continue to escalate , but 

at a reduced rate .  There  will continue to be fears of a worldwide 

recess ion . 

• The pr ice of Mexican crude oil  and products will be pegged to world 

oil pr ice s .  

• Cost of labor will increase and unemployment and underemployment 

rates will remain high.  

• Mexican government and societal insti tutions will  not change 

dramat ically . 

* These assumptions are not intended as pred ictions , but as a reasonable 
fr amework within which to construct the scenar ios and provide bounds 
for the s tudy .  
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• Growth of the Gross Domes tic Product ( PBI)  in  Mex ico will be about 8 

percent and inflation will continue at or below the current rate . 

• The costs of minerals , mater ials,  chemical s ,  equ ipment , and all 

products der ived from petrochemicals will increase . 

• The annual growth rate of populat ion in  Mexico will be about 2 . 7  

percent .  

• Shifts to urban centers will continue and rural to urban shifts will 

become exaggerated . 

Scenar ios A and B are par tially based on the rubber market 

assumptions outlined below (Table V-2) . World elastomer production and 

future world and Mex i can demands are pr esented in Table V-3 . 

TABLE V-2 

SCENARIOS A AND B 
RUBBER MARKET ASSUMPTIONS 

• World elastomer demand will increase at an average annual rate of 

3 . 6  percent dur ing the 1980-2000 per iod. 

• Mexican elastomer demand will increase at an average annual rate of 

7 percent dur ing the 1980-2000 per iod. 

• Natural rubber consumpt ion consti tuted 29 percent of the world 

elastomer market in 1980 . The absolute amount of natural rubber 

consumed will increase , but if no alternative to hevea rubber i s  

avai lable , the natur al rubber market share will decrease to 27 

percent by 2000 . I t  will consti tute 32  percent of Mex ican elas tomer 

demand i n  198 0 , declining to 28  percent by 1990 . 
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• World hevea rubber supply will incr ease at an average annual rate of 

3 . 2  percent dur ing the 1980-2000 per iod. 

• The world natural rubber shor tfall ,  based on a 30  percent mar ket 

share , is expected to be approximately 0 . 2  mill ion metr ic tons (rnrnt) 

by 1985 ; 0 . 3  rnrnt by 1990 ; and 0 . 8 rnrnt by 2000 . 

• Mex ico ' s  per centage of wor ld natur al rubber consumption will be 1 . 5 

percent in 1980 , but will increase to 2 . 8  percent by 2000 . 

• Any potent ial wor ld shor tfall of natural rubber wh ich Mex ico must  

share w ill  be made up  by a shift to synthet ic rubber , produced 

domestically . 

• Mex ican natural rubber demand in 1995 will be 140 , 000 to 160 , 000 

metr ic tons . 

• Natural rubber pr ices will continue to escalate over the long-term 

and roughly par allel world oil  pr ice s .  

• Pr ice and qual i ty of guayule rubber will be compe titive with hevea 

rubber . 
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TABLE V-3 

WORLD AND MEXICAN RUBBER SUPPLY-DEMAND PROJECTIONS 

Natural Rubber 
Product ion -- 3 . 2% 
per annum growth 
(x 10 6 MT) 

Total Elas tomer 
Demand -- 3 . 6% 
per annum growth 
(x 106 MT) 

Potent ial NR 
Mar ket Share 
Percent 

Potenti al Mexican NR 
Demand -- 7% 
per annum growth (MT) 

Mexican Percentage of 
Wor ld NR Demand 

1980 

3 . 8  

12 . 8  

29 . 0  

58 , 000 

1 . 5  

1985 1990 1995 

WORLD 

4 . 4  5 . 1  6 . 0  

15 . 3  18 . 2  21 . 8  

28 . 7  28 . 2  2 7 . 6  

MEXICAN 

81 , 000 114 , 000 160 , 000 

1 . 8  2 . 1  2 . 5  
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2000 

7 . 0  

26 . 0  

2 7 . 1  

224 , 000 

2 . 9  



A. Scenar io A:  Wildstand Harvest 

The . soc iopol i tical,  guayule 

assumptions 

guayule , are 

inherent in Scenar io 

outlined below .  The 

technology , 

A,  harvesting 

scenar io i s  

and reg ional"  sector 

and process ing 

developed within 

wild 

the 

fr amework  of a relatively " surpr ise-free" set of state-of-society and 

rubber market assumptions ( Tables V-I and V-2)  over a 10-year t ime per iod 

tha t will allow progr am planning , implementa tion , and full-scale 

operation . It represents a cour se of events that assumes low 

technolog ical inputs , no increase in natural stand productiv ity , no 

reforestation , no byproduct credit  initially , and use of the CIQA aqueous 

rubber extraction method as descr ibed in Chapter III . 

SOCIOPOLITICAL ASSUMPTIONS 

• Federal research and development funding for guayule will remain  at 

a moderate level.  

• The Mex ican government provided funds in 1981 through CONAZA to 

beg in an eng ineer ing des ign of a processing fac i l i ty us ing the CIQA 

rubber extraction process to provide 5 , 000 tons of rubber per year 

by 1985 . 

• A guayule agency will be formed to plan , initiate , and manage 

commercial wilds tand guayule product ion . It will purchase guayule 

from local ej idos (peasant collectives) at reg ional collection 

s ites , arrange transportation to the process ing fac i l i ty ,  process 

the rubber , and arrange for product sale . 

• Guayule development will be cons i stent with the Global Development 

Plan , which stresses employment and gover nment and pr ivate industry 

cooperation in development.  

• The guayule program is  or iented toward increased general 

productivity and employment and thereby improved health and welfare 

in the Mazapil reg ion. 
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• Ar ticle 32  of the Ley de Fomento Agropecua r io (LFA) , a law promoting 

agr icultural development , relaxes restr ictions concerning use of 

e j ido land . Ej idatar ios (member s  of ej idos) and communal 

landholders  are allowed to rent to or join in assoc iat ion with 

" small landholder s "  to develop the ir  lands . 

GUAYULE TECHNOLOGY ASSUMPTIONS 

• Seventy-five thousand tons of green shrub ( 3 0  percent moi sture ) will 

be harvested annually in the Mazapil reg ion , yielding 1 met r ic ton 

of rubber per 14 . 28 metr ic tons of shrub ( 3 0  percent moi sture ) .  

• Only plants more than 2 5  cent imeters high will be harvested . 

• Shrub harvest will follow a 10-year plant regenerat ion cycle . 

• Relat ive consumpt ion will be evaluated at the end of five years to 

dete rmine susta inable levels for the remainder of the program. 

• The harvest ing system will be s imilar to procedures established 

dur ing the mid-1900 s .  Two people will be able to pull o r  cut and 

del iver 580 to 1 , 135 k i lograms of shrub per day . Bur ros will 

transpor t the shrub to the reg ional collect ion centers . An average 

burro load is 70 to 80 k i lograms . 

• Shr ub will be collected daily at 5 to 10 regional collect ion centers  

(Figure V-I ) . 

• To provide a daily supply to the process ing plant of 275 tons of 

shrub , a minimum of 450  harvesters and 200 to 500 burros will be 

requ ired . 

• The guayule process ing plant will be located in the Mazapil reg ion 

in or near Cedros , Zacatecas . 
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• The da i ly processing capaci ty of the plant i s  237 metr ic tons of 

shrub ( 3 0  percent mois ture) in a 24-hour day , 300-day per year 

operation , ' producing 0 . 69 metr ic tons of r ubber per hour . 

• Byproducts will not be used initially, but by 1985 bagasse will be 

processed to make animal feeds , and pur i fed resins will be marketed . 

• The processing fac i l i ty will use approximately 58 . 5  cubic meters of 

process water and 14 . 4  cub ic meter s of steam per ton of processed 

r ubber ( 0 . 06 acre-feet water per ton of r ubber ) . 

• Improvements in  processing will reduce water and caus tic soda (NaOH) 

use and decrease processing cos t s ignificantly by the end of thi s  

decade . 

REGIONAL SECTOR ASSUMPTIONS 

• Ej i datar ios will wish to harvest guayule and there will be a 

sufficient number of wor kers to harvest the needed quanti ties of 

shrub for delivery when i t  i s  needed at the processing plant.  

• Confl icts between insti tutions will be solved through pol i tical 

decisions to integrate into one body renewable resources planning 

and management.  

• Wages for unsk i lled and semi-ski lled laborers in  Saltillo and 

Monterr ey will not r i se faster than the average inflation r ate . 

• The Mexican Food Sys tem (SAM) will beg in  to develop dryland basi c  

foodstuff production in  the reg ion . 

1 .  Timing of the program:  Figure V-2 shows the t iming for planning 

and implementi ng Scenario A. Once the guayule agency is es tabli shed , i t  

will manage major aspects of the harvest  oper ation .  An official guayule 

shrub i nventory will be ini tiated at the beg inning of the program and 

will be closely moni tored through a 10-year harvest cycle . Reg ional 
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collection centers  will be establi shed in years  2 and 3 .  Construction of 

the proces sing faci l i  ty will begin  in yea r 1 and be completed in the 

second year after star t up.  Operation at up to 60  percent capaci ty will 

begin  by year 3 .  The . plant will be fully operational by year 5 .  

Approximately 7 5 , 000 metr ic tons of shrub will be processed annually for 

up to ten year s • By year 13 , 10 years afte r ini tiation of harvesting 

operations , a deci s ion will be made to ini tiate a second harvest cycle or 

te rminate the program. Thi s  deci s ion will be based on the ability of 

guayule to regenerate for a second harvest within the 10-year per iod . 

2 .  Jobs and income created : The analysi s  that follows forecasts 

the approximate number of jobs and income generated by the guayule 

industry under Scenario A.  

Approximately 75 , 000 to 80 , 000 metric  tons of guayule shrub (30  

percent moi sture)  are needed per year to produce 5 , 000  tons of rubber . 

The amount var ies according to the rubber content of the shrub in  the 

field . Table V-4 , below , shows the range of pe r son-days of work  required 

to supply the proces s ing fac i l i ty with shrub to produce 5 , 000 metr ic tons 

of rubber per yea r .  It  i s  based on 3 0 0  wor k  days per year . The numbe r 

of days per year when guayule actually will be harvested will vary 

according to weather condi tions and other factors ,  and the number of 

wor k i ng days may be much fewer than the figure used . In such a case , for 

the total supply to remain constant , the rate of harvest , the number of 

harvesters , or the number of hours of harvest ing would have to increase . 

The numbe r of workers employed as guayule harvesters would vary i n  

relation to the number of harvest days ; the harvest rate would depend 

pr imarily on the dens i ty of the guayule stands being harvested . 

Approximately 4 9  man-hours  will be requi red at the processing plant 

to produce one ton of dry guayule rubber (Motomochi , 1980) . On thi s  

bas i s , 102 people , work ing 300  days , will be requi red i n  order to produce 

5 , 000 tons of guayule rubber per year . It  i s  estimated that a total of 

approximately 700 workers will be employed in guayule wildstand 

harvesting and process ing :  

associated wor k .  

500 i n  harvesting and 2 0 0  i n  process ing and 
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TABLE V-4 

PERSON-DAYS OF GUAYULE HARVEST PER YEAR 
TO SUPPLY 5 , 000 METRIC TON PROCESSING PLANT 

Annual proces s ing plant need of 75 , 000 MT of shrub 
requ ires 250 MT/day harvested 

Annual process ing plant need of 80 , 000 MT of shrub 
requ i res 267 MT/day harvested 

Harvest Rate 250 MT/day* 267  MT/day* 

100 kg/day 

180 kg/day 

500 kg/day 

2 , 500 per son-days/day 

1 , 3 8 9  pe r son-days/day 

500 per son-days/day 

* Based on 300  workdays per year . 

2 , 670 per son-days/day 

1 , 483 per son-days/day 

534 person-days/day 

The wage rate for harvesting guayule will be set to equal the 

minimum wage . Workers at the processing fac i l i ty will rece ive , on the 

average , wages at 3 0  percent ove r the minimum wage figure . 

3 .  Costs : A major cost incurred by the guayule agency will be the 

wages pa id guayule harvesters . In add i t ion , processing direct cos ts for 

mate r ials ,  labor , and energy will be approximately $820 (US) pe r metr ic 

ton of rubber . The agency will contract with local truckers to transport 

shrub between the collect ion s i tes and the processing fac ility .  

Transpor tation costs will be based on one cent per pound of rubber , or 

2 . 3  million pesos ( $100 , 000 , US ) annually . 

It i s  assumed that costs associated with the construct ion of the 

process ing fac ility ( $13 mill ion , US) will be financed by the Mexican 

federal government . 
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4 .  Infrastructure alternatives : One of the major obstacles 

confronting an agroindustry dependent upon a wild resource is assurance 

of timely del ivery of specific amounts of raw mater ial . Thi s  requires 

coordination of harvest , mater ials transportation , and processing .  The 

coordinati ng group must know the location ,  the quantity and rubber 

content of the shrub , and the amount harves ted in an area in order to 

coordinate tr ansportation ,  establ i sh payment schedules for the shrub , and 

optimize processing procedures . The coordination and direction of these 

activi ties could be divided be tween the ej ido communi ty representatives 

and the guayule agency, or they could be handled entirely by the agency 

or enti rely by the ej idatar ios . 

a .  ALTERNATIVE 1 :  Thi s  approach allows the ej ido community and the 

guayule agency to work  together in  developing and car rying out a guayule 

i ndus try. The agency contracts with ej idos for guayule shr ub and assi sts 

with some coordination of harvesting activi ties , while the ej ido 

organization i s  responsible for the details of the harvest.  The agency 

manages processing and mar keting aspects of the indus try , and alone has 

the following responsib i l i t ies : 

• Schedul ing a del ivery t ime-table for a contracted volume of shrub . 

• Determining a pr ice for shrub based on rubber content. 

• Determining payment of wages and salar ies . 

• Surveying wildstands to determine average rubber content of shrubs 

within a speci fied area and the volume of harvestable shrub .  

• Coordinating activi ties with other involved governmental agencies in  

the reg ion. 

• Transpor ting shrub from collection centers  to processing plant or 

arranging for transpor tation by pr ivate companies .  
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• Process ing guayule shrub and marke t ing rubber . 

• Contr:aot ing for the harvest and establi shing quotas with . pr ivate 

landowner s .  

The ej ido organ izat ion arranges details 

tr anspor ting shrub to collect ion centers , and 

respons ibilities : 

• Organ i z ing and supervis ing wor k  uni t s .  

o f  harvesting and 

has the following 

• Ar rang ing to transport workers to product ion zone s .  

The guayule agency and the ej ido organization cooperate i n :  

• Setting quotas o f  shrub to be cut and scheduling harvest i n  

accordance with area potential . 

• Determining locat ion of collect ion center s .  

b .  ALTERNATIVE 2 :  The agency recruits salar ied worker s and 

organizes all aspects of harvest,  transpor t ,  and processing .  This  

alternative seems improbable because of  the diff iculty of  recrui ting and 

organ i z ing wor ker s wi thout the cooperation of the local ej idatar io 

organizations , but offers advantages in harvest control and planning , 

wage control,  and negotiations with pr ivate landowner s .  

c .  ALTERNATIVE 3 :  Organization and superv i s ion of workers and all 

harve st ,  transpor t ,  and process ing activi ties are carr ied on via an 

inter-ej ido cooperative mechani sm. It  seems unl ikely that the degree of 

cooperation necessary for conduct ing and managing all aspects of the 

harvest-transpor t-proces s ing cha in of activities could be achieved at the 
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ej ido level alone , particularly the process ing aspects , which would be an 

enti rely new ej ido act ivity . Also ej ido control of process ing act iv ities 

could create conflicts with pr ivate landowners . 

5 .  Summary of Scena r io A:  Scenar io A is  motivated by soc ial needs . 

It  i s  des igned around a modest  set of social and economic improvement 

targets that require only low level improvement in existing reg ional 

organ i zation and management . No extens ive research and development i s  

needed , and the existing infrastructure used in cur rent native plan t 

harvesting and marketing requi res only modest expans ion to accomodate the 

needs of comme rc ial wi lds tand guayule harvest ing . Current practices i n  

the commercial utilizat ion of wild plants are organi zed on the individual 

level in the harvest , process ing , and marketing sector s ;  guayule 

commerciali zat ion requ ires more organ i zed and coord inated harvesting , 

transportation , and processing systems than do the candelilla and ixtle 

i ndustr ies . The greatest changes in existing patterns would be the use 

of a machinery and capi tal intens ive processing fac i l i ty for guayule and 

greater coordination of harvest ing with processing .  The amount of rubber 

to be produced unde r Scenar io A is a small fraction of the nat ional 

rubber demand (Figure V-3 ) . 

Guayule commerc ial i zation in th is  scenar io i s  cons idered from the 

pe r spect ive of a susta ined yield from wildstands , the faci l i ty needed to 

process the rubber , and the employment oppor tunities assoc iated with th i s  

development . The organi zat ional structure def ined in Alternative 1 i s  

presumed to be the most l i kely method . The timetable for developing 

Scenario A was presented in Figure V-2 . Based on the assumed number of 

j obs created and costs (Table 1 1 1-10) , the increased community income 

would be as follows (peso value in 1979) : 

Shrub cost to supply 
5 , 000 MT/yr plant 
( 7 5 , 000 MT at $13 . 50 US/MT) 

wages for process ing plant per sonnel 
( $13 . 64 US/MT rubber)  

Total 
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$54 . 3  mill ion pesos/yr 
($2 . 3 6 mill ion US) 

$1 . 6  mill ion pesos/yr 
( $68 , 000 US) 

$55 . 9  mill ion pesos/yr 
( $2 . 4  mill ion US) 
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The $55 . 9  mi llion pesos per year in  wages i s  a minimum figure for 

increased commun i ty income generated by guayule commercial i zation , 

because i t  �oes not include secondary income der ived from suppor t 

services and the cascade effect of money spent in  the reg ion . Also , not 

all of the income i s  "new" income because j obs in the guayule indus try 

represent to an unknown degree d i splacement of par t-time wor k  in farming , 

native plant harvesting , and non-payi ng maintenance j obs such as road and 

fence repair  in the community .  All the activi ties that the workers 

forego to par ticipate in  the guayule indus try represent lost income to 

the communi ty or commun ity service j obs that must  be completed later . 

Current es timates of process ing cos ts indicate that guayule rubber 

will cos t $ . 91 per k ilogram (or $ . 41 per pound) to produce . Of that 

total , guayule shrub cos t is $ . 27 to $ . 36 per k i logram ( 3 0-40 percent) 

(Motomochi ,  1980) . The remainder is process ing cos t .  If the rubber 

sells for $1 . 43 US per k ilogram ( $ . 65 US per pound) , a 5 , 000 MT per year 

fac i l i  ty will generate $7 . 2  million (US)  gross income and $3 . 1  million 

( US )  net profi t  ( $71 . 4 mi llion pesos) . Th i s  does not include process ing 

fac i l i ty cos t .  Figure V-4a shows the relat ionship between rubber pr ices 

and processing plant production capaci ty needed to break even wi th a 

production cost of $ . 91 US per k i logram ( $ . 41 per pound) . Capi tal costs 

and profi t  are considered in  Figure V-4b which shows the rate of return 

and time required to pay off plant capi tal cos ts in  relation to var ious 

prices harves ted for guayule shrub . Cos t i s  f igured as pr ice per pound 

of rubber ( 3 0  - 4 0  percent of total production cos t) . 

B .  Scenar io B :  Stimulated Development of Guayule Farming 

S tate-of-society assumptions and rubber market assumptions common to 

both scenar ios were l i s ted previously in  Tables V-I and V-2 .  In 

addi tion , Scenario B assumes that guayule rubber plays an important role 

in the Mexican rubber plan to produce domes tically a s ignificant fraction 

of Mexico ' s  total natural rubber demand and thereby br ing about a more 

favorable balance of payments.  Guayule i s  cons idered to be impor tant i n  
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Mexican economic development over the next 20  years .  Oil revenue i s  

expected to cont i nue to spur rapid growth of the Mexican economy and to 

st imulate exp,ansion of the national rubber market at an annual rate of 

between 7 percent and 10 percent , corresponding to the current growth 

r ate and projections following the National Industr ial Development Plan 

and growth of the PBI .  

Scenar io B ,  the r apid development of commer cial dryland guayule 

farming and sustained wi lds tand harvest ,  i s  based on the following set of 

sociopoli ti cal , guayule technology, and r egional sector assumptions : 

SOCIOPOLITICAL ASSUMPTIONS 

• Government and pr ivate research and development activi ties and 

funding will increase subs tantially. 

• Guayule rubber will provide about one-th ird of Mexican demand for 

guayule rubber by the mid-1990 s .  Many of the following assumptions 

are designed to ach i eve thi s  production goal . 

• The guayule proj ect is  or iented toward  relatively high volume rubber 

production and increased regional employment and productivity .  

• The guayule project i s  par t  of a program to reduce impor ts of 

mater i al that can be produced internally , thereby decreasing the 

flow of money ou t of Mexi co .  

• A guayule agency will be formed to plan, ini tiate ,  and manage 

wildstand guayule production moni tor ing and reforestation , and 

dry land farming . The guayule agency will purchase guayule from 

organizations of landholder s  at regional collection s i tes and 

arrange transpor tation to the process ing fac i l i ty .  

• Production of guayule rubber will be suppor ted by limited wildstand 

harvest in the Mazapil reg ion ( Figure V-I )  and by new dryland farms 

in five zones in nor thern Zacatecas (Figure V-S ) . 
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• Wilds tand utilization will i nclude reforestation and management to 

sustain continuous production to supply a 5 , 000 MT/year processing 

plant. 

• Harvesting ,  transpor ting , and processing wildstand shrub will be 

carr ied on in the same manner as in  S cenar io A.  

• Ar ticle 32  of the Ley de Fomento Agropecuar io relaxes restr i ctions 

concerning use of ej ido land . Communal landholders are allowed to 

rent to or join in  association with " small landholders "  to develop 

the ir lands . Large unified production blocks of land may be formed 

by combining ,  under agreement , scattered pr ivate and ej ido lands . 

• New dryland guayule farming will compete for land and mater ials with 

exi s t ing and proposed SAM food crop farming and will compete 

minimally for i r r igation water to supply nur ser ies or greenhouse s .  

The new farms will be developed on marginal lands . 

• Dryland farming of guayule will occur on up to 2 0 0 , 000 hectares in  

the Mazapil  region in any or  all of f ive production zones (Figure V-

5 )  • 

• The Mexi can government will supply the ini  tial capi tali zation for 

farm and nur sery development.  

• The Mexican government will fund 

construction of the process ing plants.  

the engineer ing de s ign and 

The CIQA extraction process 

will be used , with improvements and refinements adopted as they are 

developed. 

GUAYULE TECHNOLOGY ASSUMPTIONS 

• Guayule will be harves ted on a f ive-year cycle with an assumed 

average rubber accumulation of 0 . 22 metr i c  tons per hectare per year 

(200  pounds per acre per year ) or 1 . 1  metr i c  tons per hectare per 

harvest  ( 1 , 0 00 pounds per acre per harvest) . 
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• Average c ubber product ion i s  10 percent of dry shrub we ight.  

• Seed�in�� will be planted at a dens i ty of 2 4 , 000 per hectare ( 9 , 700 

per acr ';! ) . 

• Seed irli  t ially will be collected from wilds tands , but starting in 

the thlCd planting year , seeds from plantat ions and developed 

var ietie� will be used. 

• Five processing plants will be requ ired to transform the shrub into 

rubber : one at Cedros , with a capacity of 5 , 000  metr ic tons of 

rubber per year for wildstand harvest;  and four with an individual 

capac it1 of 10 , 000 metr ic tons of rubber per year , each located in 

one of the four remaining growing zones in the Mazapil reg ion 

(Figure V-5)  • 

• Byproduc ts of guayule proces ing will include pur if ied res ins , animal 

feeds manufactured from the bagasse , and bagasse b iofuels . 

• Proces si ng methods will improve to allow : 1 )  recycling the proce ss 

water �I'ld caus tic soda , reducing water use 55  percent and NaOH use 

50 petoent ; 2 )  improved pur if icat ion , deres inat ion , and latex 

coagulat ion , reducing water use by 10 percent ; 3 )  processing shrub 

by co�press ion-decompress ion , enhanc ing recovery of res ins and 

rubber ; 4 )  chemical conver s ion of bagasse for b iofuels ;  and 5 )  

produc�ion of  new, mod if ied rubber at  the plant s ite . 

REGIONAL SECTOR ASSUMPTIONS 

• Ej idatq( ios will wish to harvest guayule and there will be a 

suff icj,ent number of wor kers to harvest the needed quantities of 

shrub �Or del ivery when it  is  needed at the proces s ing plant.  

• ConfliQ�s between organ izations will be solved by government, 

pol i t iQ�l ,  and institutional arrangements . 
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• Wages for unsk illed and semi-sk i lled laborers in Saltillo and 

Monterrey will not r i se faster than the average inflat ion rate . 

• The Mexican Food Sys tem (SAM) will beg in  to develop dryland . bas ic 

foodstuff product ion in the region . 

• Zacatecas , and the Mazapil region in particular , are targe ted for 

widespread publ ic sector assis tance from ar id and marginal zone 

development agencies . COPLAMAR, in  conj unction with other federal 

agencies (SARH , SEP , SAHOP , CONASUPO , and IMSS) , will di rect 

extens ive infrastructure development in  the area . Improvements in 

the transpor tat ion , energy distr ibution , health systems , and othe r 

bas ic areas will stimulate more expans ion and create more jobs in 

mining , farming , and the serv ice sector . 

• The guayule program (SAIG) , as part  of a much larger regional 

development plan , i s  intended to be the catalyst for greater rural 

economic infras tructure development . 

1 .  Timing of the program: The process ing plants will be developed 

according to the schedule in Figure V-6 . Development of processing plant 

products and technology will be targeted on the following schedule : yea r  

1 ,  production technology for guayule rubber and research into use of 

byproducts ; 1985 , product ion of guayule rubber , res ins , and animal feeds 

from bagasse; recycl ing proce ss water and caustic soda ; improved 

pur i f ication , deres ination , and latex coagulat ion ; 1989 , improved shrub 

process ing by compression-decompression; bagasse convers ion to biofuels ; 

production of new , mod ified rubber s .  

Development of product d is tr ibut ion systems after processing plant 

star t-up will follow the schedule below : 

Year 3 - Establ i shment of guayule rubber distribution channels 

Year 5 Es tabl i shment of di str ibut ion channels for res ins and 

bagasse prote in der ivatives 

Year 9 - Es tabl ishment of d i str ibution channels for mod ified rubber 

products and bagasse biofuels 
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Ye a r  

Cumulat ive proces s ing capaci ty i s  shown in  Figure V-6 .  Th i s  plan is  

des igned to comple te a process ing capac i ty of 45 , 00 0  to 50 , 00 0  met r i c  

tons of r ubber per year by the mid-199 0s . Assuming an average yearly 

rubber accumulat:ion in the shrubs of 224  k i logr ams per hectare . ( 2 0 0  

pounds per acre) over a per iod o f  five years in  dryland cultivation , a 

schedule ( Table V-5 )  was devised to coordinate planting and harves ting 

with the development of the processi ng capac i ty .  Impl ic i t  i n  th i s  

coordina ted schedul ing is  the initial and continuing harvest o f  wi ldstand 

guayule to produce 5 , 00 0  metr ic tons of rubber per year . I t  is  assumed 

that continu i ty of 

reforestation program .  

0 2 

the wi lds tand harves t i s  

TABLE V-5 

DRYLAND PLANTING AND PRODUCTION SCHEDULE 

5 � 7 a 9 

assured through a 

10 1 1  1 2  1 3  14 1 5  1 6  

---- - -- - -- ------------------- -- ------ - - ------ ------- -.- -----

Hectares Plan ted 9 9 9 1 4  1 8  2 3  27 J2 36 3 6  3 6 3 6  3 6  ( 3 6 )  ( 3 6 )  ( 6 )  
( Repl a nted) X 1 03 ( 5 )  ( 9 )  ( 9 ) ( 9 )  ( 1 4 )  ( l B )  ( 2 3 )  ( 2 7 )  ( 3 3  ) 

-- ---------- - -

Hectare9 Harvested 
X 10 3 5 9 9 9 1 4  1 8  2 3  27 3 2  3 6  3 6  3 6  

-------- -------- ---- -

Cumu l a t ive Hectares 
P\.anted X 103 5 1 4  2 3  3 2  4 6  5 9  7 3  9 1  1 14 1 3 6  1 54 167 176 179 200 

-'--------- - --

Assumpt ions : Product ion 224 kg/ha/yr ( 1 . 1 2 MT/ha/harvest )  ( 200 1b/ac/yr ) dry1and farms 
Produc t ion 5 , 000 MT/yr rubber f rom w i 1dstand harvest in reforestat ion system. 
Assume 98' extract ion e f f ic iency -- numbe r s  are rounded o f f .  

2 .  Mate r ials requi rement for seedl i ng product ion : Seedl ing 

production will be requi red in order to plant the guayule farms as 

proposed in  Table V-5 .  Mos t  seedl ings for guayule production will be 

g rown in nur ser ies in the production zone . A typical nursery,  as  laid 

out by ERP researcher s  (U . S .  Forest Service , 1946) , has beds 4 feet by 

400 fee t ,  wi th 2-foot a isles . Ther e  are 18 beds per acre and in each bed 

40 , 0 0 0  seedl ings are germinated . The number of seedlings per bed i s  
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later reduced to 3 2 , 000 seedl ings by culling weak plants . On thi s  bas i s , 

one hectare of nur sery would germinate 1 .  8 million seedl ings . Afte r 

cull ing , the number of seedl ings per hectare would be reduced to 1 . 42 

million seedlings . Assuming a planting dens i ty of 24 , 000  snrubs pe r 

hectare ( 9 , 700  per acre)  on guayu1e farms , one hectare of nursery will  

supply 59 . 4  hectares of product ion shrub . However ,  f ield survival i s  

expected to be less than 8 0  pe rcent . I f  a 100 pe rcent stand i s  des ired , 

some replant ing would be necessary . The farming area that could be 

suppl ied per hectare of nursery depends on the number of seedlings that 

survive the initial planting and decreases as shown in  Table V-6 .  

Us ing the product ion schedule i n  Table V-5 ,  nursery space needed for 

seedl ing production to meet the schedule is calculated and shown in Table 

V-6 and V-7 . Seed product ion can be met by harvesting seed in nurser ies . 

Unt i l  suff icient exper ience is  gained in seed and seedling production , 

the actual production may be somewhat lower than these f igures show . 

There are no ava i lable f igures on nursery product ion of guayu1e 

seedl i ngs , but it is safe to assume that the unit  cost would be lower 

than for greenhouses s ince both capital and labor cos ts would be lower . 

Because of the low capital requ i rements of nurser ies and the large number 

of jobs created to service them , it is as sumed in this scenar io that a 

number of small nurse r ies  will  be bui lt near product ion areas . 

3 .  Jobs and income create d :  Comme rcial guayu1e rubber product ion 

will be d i rectly respons ible for the creat ion of new jobs in s ix sector s :  

• Wi1dstand production 

• Seedl ing product ion 

• Dry1and farm product ion 

• Processing 

• Administration and monitor ing 

• Research , development and 
agr icultural extens ion . 
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of 
Survival 

Ini tial Planting 
( Percent) 

100  
95  
9 0  
85  
8 0  
7 5  

TABLE V-6 

NURSERY AND SEEDLING REQUIREMENTS 
PER HECTARE OF GUAYULE FARM 

Hectares Planted ( 1 0 0  percent 
Hectare Nur sery ( f i nal stand) 

59 . 4  
56 . 4  
53 . 5  
50 . 5  
47 . 5  
44 . 6  

TABLE V-7 

Seedl ings/Hectare 
to Achieve 

100 Percent Stand 

24 , 000  
2 5 , 200  
26 , 4 0 0  
27 , 60 0  
28 , 8 00  
3 0 , 000  

LAND REQUIRED FOR GUAYULE SEEDLING PRODUCTION 

Requi red Farm Seedling 
Production Production 
(Hectares Nur series* 

Year X 103 ) (Hectares)  

1 5 105  
2 9 190  
3 9 190  
4 9 190  
5 14 2 9 5  
6 18 3 7 9  
7 2 3  4 8 4  
8 27  569  
9 3 2  6 7 4  

1 0  3 6  758 
11 3 6  841  

* Assuming 80  percent transplant survival rate . 
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The nature of the j obs and a qualitative assessment of manpower 

needs are shown in Table V-S .  The rate of increase in jobs will parallel 

the development schedules shown in Figure V-6 and Table V-5 .  Tnere will 

be a regular employment increase as production and process ing capaci ty 

grow to their  maximum in  the 1990s . Mos t  jobs in farm production and 

processing will be permanent and full-time . Process ing will cont inue all 

year and because of the limi ted storage per iod for harvested shrub , 

harvesting will have to be conducted throughout the year as weather 

permits . Transplanting of nur sery stock will be seasonal , because the 

seedlings will have to be planted in the f ield at the beg inning of the 

r ainy season when the soi l wi ll be moi s t  long enough to allow seedling 

establ i shment wi thout i r r igation . Many of the jobs that require a large 

tempor ary labor force could be f illed by transferr ing people between 

different sector s in the program. The one major task that will require  a 

large amount of temporary labor is  construction of the processing plants . 

Many of these j obs will require specially skilled wor kers that would 

probably be brough t  in from a large c i ty outside the area. 

TABLI! v-a 

QUALITATIVB ASSBSSMIINT or IIANPOWBR NEEDS 

Wi ldatand Production 

Seedl ing Product ion 

Nura,uy 

8t1tablish , Ma intain 

Harvest 

0[v1aOO Par. 
Production 

Industdal Proce8s ing 

Construction 

Operation 

AdMinister ' 

x 
X 

X 

X 

Monitor X 

Agricultural Extension X 

X 

X 
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Est imating the number of jobs created in each sector is  d i ff icult 

due to the lack of previous exper ience with guayule farming and the 

numerous alternative methods of ach iev ing the same results in the 

program ,  e spe€ially cons ider ing the possible mixes of labor-intens ive and 

machi ne-intens ive agr icultural procedures . The following tentative 

est imates were based largely on recent exper imental work  and past  ERP 

expe r ience . At the start of product ion the number of jobs created i s  

est imated to be 57 0  for farming and 5 0 0  for wi ldstand harvest . At the 

h ighest level of production , with all processing plants operating at 

maximum capaci ty ,  the total numbe r of jobs is estimated to be 4 , 665 . 

Jobs c reated at the start and at maximum product ion fall into s ix 

categories : 

Nur sery establ ishment and maintenance of seedl ings 

Seedling transplant and f ield establi shment 

Farm product ion 

Farm harvest (machinery intens ive) 

Process ing 

Wildstand harvest 

Agr icultural extens ion 

Processing plant cons truction 

* approximate 

Star t-up Max imum 

168 1 , 346  

210  1 , 683 

50  360  

18 130  

125 575  

500* 

? ? 

? ? 

I f  seedling production pays the minimum wage ( i n 1981)  of 150 pesos per 

day and farm work  and processing pay 195  pesos pe r day (minimum wage + 3 0  

percent ) , annual wages total $640 , 00 0  US to $6 . 1  mill ion US i n  production 

and $2 24 , 00 0  US to $1 mill ion US in process ing . 

4 .  Costs : Guayule dryland farm development and maintenance , 

process ing development , and operation are capi tal i zat ion costs to be paid  

by the Mexican government . The se costs suggest several policy options 

for repayment and subs idy and for target ing income and jobs . 
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5 .  Infras tructure alternat ives : Rapid development of the guayule 

industry as presented in Scenar io B requ ires cons iderable mechanization 

to mee t  �eedl ing harvest and planting schedule s �  intr icate an� highly 

interdependent seedling production , shrub product ion , and processing 

sector s �  and h ighly mechanized and complicated process ing .  Th is  

neces s i tates strong government involvement in organ i z i ng ,  operating , and 

coord inating the proj ect .  To what extent industry and local cit izens are 

involved in operat ion and owner ship is the major var iable . 

alternat ives are poss ible : 

Several 

a .  ALTERNATIVE 1 .  Several gover nment agencies coordinate the ir  

activities to  operate all  aspects of  farming , processing ,  and seedl ing 

product ion. The operat ing level of wildstand harvest and reforestation 

would be controlled by local peasant organ izations and coord inated with 

the government agenc ies ' act iv i t ies . Tr ansportat ion of shrub , rubber , 

and byproducts would be arr anged by gover nment agencies . Numerous 

government agenc ies are already engaged in developing some aspects of the 

infrastructure needed for the guayule program ,  and they would l ikely 

continue on an expanded scale to meet  the needs of the guayule proj ect .  

Owner ship would l ie entirely with the government , and all wor kers would 

be pa id a salary or wages .  

b .  ALTERNATIVE 2 • In thi s  approach , industry would share in the 

ownership of the project and would operate the process ing plants and 

market the products and byproducts . Such an ar rangement already exists 

with Hules Mex icano , in wh ich pr ivate interests own most of the stock in  

the company , and Petroleos Mexicanos ( Pemex) , a federally owned company, 

owns the rema ining por t ion. Such an arr angement t ies government concerns 

for nat ional and soc ial benef its to indus tr ial eff ic iency. Wages and 

salar ies would be pa id to wor ker s ,  but revenues would be d ivided between 

the government and the pr ivate company . The guayule agency would have a 

d irector independent of government and industry who would repor t to a 

board of director s represent ing involved government agenc ies and 

industry . 
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c .  ALTERNATIVE 3 .  Thi s  approach i s  similar to Al ternative 2 but 

would add par tial ownership of the agency by ej ido communi ties involved 

in wi ldstanq . harves t,  reforestation, and farming . The 

representative would s i t  on the board of d i rector s .  Worker s  would be 

paid  salary and wages ,  but in addi tion there would be a share of the 

prof i t  pa id to the par ticipating ej idos . 

6 .  Summary of Scenar io B :  The stimulated commercialization 

scenar io assumes subs tantial government assistance that initiate s ,  

suppor ts , and coordinates sus tained wi ldstand harvest,  dryland crop 

production ,  and processing .  Intens ive research and development leads to 

technolog i cal advances in pr imary and secondary product process ing .  

Guayule production i s  targeted a t  supplying one-third of the Mexican 

natural rubber demand by the mid-1990s ( Figure V-7 ) . In order to meet  

thi s  goal , up to  200 , 000  hectares in  the Mazapil region are  allocated to 

dryland guayule farming . In add i tion ,  a program of wildstand harvest and 

reforestation i s  ini tiated . To meet the production goal of 45 , 000  to 

50 , 000 metr i c  tons of guayule rubber per year , f ive processing plants are 

constructed over a 14-year per iod : one 5 , 000  metr ic tons per year 

fac i l i  ty at Cedros to process the wi ldstand harvest;  and four 10 , 000  

metr ic tons per year faci l i ties in  four other production zones ( Figure V-

5 ) . Product d istr ibution systems are also developed. 

An estimated total of 700  hectares in  the guayule dry farming zone s 

will be used for nur ser ies . One hectare of nursery i s  expected to 

produce 1 . 42 million seedlings and thus will supply shrubs for 59 . 4  

hectares of farmland planted at a dens i ty of 24 , 0 00  shrubs per hectare 

( assuming 100 percent survival) . 

Dryland farm harvest will be on a five-year cycle , but dryland and 

wildstand harvesting will be conducted throughout the year , as weather 

permits , to maintain  a continuous supply for the processing plants . 

Transplanting nur sery stock to the farms will be done seasonally . 
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The total number of j obs dir ectly created by guayule conunercial 

product ion in  Scenar io B i s  estimated to be 571 i n  farming , 4 5 0  to 5 0 0  in 

wilds tand harvest , plus an undetermined number of construction j obs at 

the star t of the project,  increasing to 4 , 66 5  in  farming , 450 to 500 in  

wildstand harvest,  plus construction j obs at the time of  maximum 

product ion . 

S i nce guayule farm production and shrub processing costs in  Mexico 

are not known , net d irect value from the project cannot be calculated . 

However , total gross value of the rubber and direct wages can be 

estimated . If rubber sells at $1 . 43 US per k i logram ( $ . 65 per pound) , 

annual rubber sales of 50 , 000  metr ic  tons will gross $64 . 4  million us . 

Some predictions place rubber pr ices in the 1990s  between $1 to $2 US per 

pound . In that case , total d i rect wages could exceed $7 mill ion US . 
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CHAPTER VI . IMPACT FORECAST OF GUAYULE COMMERCIALIZATION 

An impor tant objective of a technology assessment i s  to enhance 

deci sion-mak ing by determining a range of impacts of alternative courses 

of action. Two scenar ios for future development in the guayule growing 

regions of Mexico were  presented in  Chapter V. These scenar ios , based on 

guayule rubber technology as discussed in  Chapter I I I , descr ibed two 

pathways for commercial guayule development . Thi s  chapter discusses the 

potential impacts of development under each scenar io.  

Efforts were concentrated on determining the impacts on the Mazapi l  

region o f  nor thern Mexico. The area i s  typical o f  the Northern Ar id  

Reg ion ( NAR) where guayule grows wild , so that development impacts in  the 

Mazapil should be representative of those that might occur anywhere i n  

the NAR. However , the Mazapi l  region i s  one o f  the most economically 

depr ived area s ,  so impacts there will probably be magnified.  The Mazapil 

has a hi story of commercial use of guayule , and it i s  a region where 

future guayule development could occur . Guayule exploi tation may become 

an impor tant component of development progr ams to meet the social needs 

of that area . 

Present soc ial , economic , and environmental condi tions in the 

Mazapil reg ion were  reviewed .  Reg ional data examined include : 

• Demographic i nformation i nclud ing current 

character i stics , age , and sex distr ibution; 

• Economic  character i stics including the s ize , 

population 

general 

composition , and characte r i s tics of the labor force ; 

• Commun i ty services includ ing health , education ,  and other 

services and faci l i ties within the communi ty ;  and 

• Environmental character i s tics . 
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The focus of the s tudy was on the nature and size  of current 

economic activi ties in the reg ion . The levels of employment , 

unemployment , and underemployment were  examined and external " factors 

influencing the economy of the reg ion were explored.  These include 

forces which draw people out of the area on a temporary or permanent 

bas i s .  

The information that was gathered was used a s  a bas i s  for examining 

the potential impacts of guayule production under the two scenar ios . The 

forecasts for alternative futures in  the guayule region were based on 

soc ioeconomic studies completed by CIQA, CONAZA, and CIDER (Mart inez and 

Bolanos , 1979 ; CONAZA, CONACYT , and CIDER, 1979 ; and Camau , 1979) , other 

i nformation from Mexican government agenc ies , and projections based on 

thi s da ta . In add ition, results of an impact evaluation mee ting ,  the 

second of three workshops held with Mexican federal a'nd local agencies 

representing the var ious involved par ties , was devoted to impact 

evaluation ( see Appendix A) • 

Much of the informat ion in the following prof ile i s  dr awn from a 

comprehens ive summary compiled from many federal sources (CONAZA ,  

CONACYT , AND CIQA ,  1981) . The impacts of current trends de scr ibed in the 

reg ional prof ile are analyzed , then compared with projected impacts under 

Scenar ios A and B .  By using thi s  approach , " net impacts" of 

commercialization can be examined as illustrated in Figure VI-I . 

A .  Reg ional Prof ile : Maz apil Region 

The Mazapil reg ion , in the southern por tion of the NAR (Figure VI-

2 ) , encompasses an area of about 2 0 , 000  square k i lometers . I t  i s  divided 

i nto f ive municipios* ,  four i n  Zacatecas and one i n  Durango . The NAR i s  

located wi thin the area usually defined as the Ch ihuahuan Desert.  The 

region i s  mostly rural , but is surrounded by a number of large c i t ies 

such as Monterrey ,  with a populat ion of 2 mill ion , and Saltillo, Tor reon , 

and San Lui s  Potos i ,  each with a population over 200 , 00 0 .  

* A municipio is s imilar to a county in the Uni ted State s .  
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The populat ion of the Mazapil reg ion i s  small ,  d i spersed , and 

declining .  The 1970 population of 6 1 , 000  had decreased 0 . 1  percent by 

1977 . �he area i s  character ized by low income , few economically 

rewarding opportun i tie s ,  subs tandard housing ,  few bas ic communi ty 

services in educat ion and heal th care ,  and h igh rates of outmigrat ion . 

In general , the Mazapil reg ion can best  be character i zed as a marg inal 

zone in which the major i ty of i ts res idents l ive at the subs i s tence 

level . 

According to the recent CIQA, CONAZA, and CONACYT stud ies c i ted 

earlier , res idents in the reg ion can be categor ized into four 

soc ioeconomic groups : 

• Famil ies whose member s are usually permanent res idents and 

who own capi tal i tems such as graz ing animals ( sheep , 

goats , cattle) , land , a truck or tractor , a store or shop . 

• Famil ies with some member s  who migr ate seasonally to work 

outs ide the immediate area . These famil ies usually own a 

few graz ing animals ,  engage in small-scale agr iculture for 

home use , and collect native plants for sale . 

• Famil ies with member s who often must  migrate , at least 

temporar i ly ,  to wor k  in a c ity . These famil ies usually 

have land , but no graz ing animals , and depend greatly on 

subs is tence agr iculture and native plant harvest for cash. 

• Famil ies with no land or graz ing animals ,  who depend on 

subs i s tence agr iculture and nat ive plant harvest , ma intain 

themselves only marg inally , and attempt to save money to 

allow a family member to migr ate to a c i ty to wor k .  

1 .  Land tenure :  Ej ido commun i t ies i n  the Nor thern Ar id Reg ion hold 

more than 50 percent of the land and represent 90 percent of the 
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population .  There are also a few pr ivate farms and ranches ,  with a 

higher investment in equipment and technology .  In the Mazapil reg ion , 

there are 1 0 2  ej idos , total ing 1 . 1  mill ion hectares , and 1 , 26 3  private 

landhold ings total ing 3 42 , 00 0  hectares . 

The term " ej ido" refers  to a collect ive of peasants that has 

rece ived lands under te rms specif ied by Mexican agrar ian law , and to the 

lands whi ch are g iven to them under thi s  procedure . The lands belong to 

the federal government but are controlled in most matters by the 

collective , which can parcel lands out to individuals or work  them as a 

commun i ty .  Unti l  198 1 , the lands could not legally be sold , rented , or 

mortgaged (Mark iewic z , 198 0 ;  DeWal t ,  1979 ; and S impson , 1937 ) . The 

Agr icultural Promotion Law , (Ley de Fomento Agropecua r io LFA) , now 

permits land rental , but the law has not yet been utilized because 

enabl ing leg islation has not been presented (Latin Amer i can Weekly 

Report , 1981) . 

2 .  Population : By 1970 the population of the NAR had changed from 

predominantly rural (about two-thi rd s )  to be ing nearly evenly divided 

between urban and rural . Urban i s  def i ned as a communi ty with more than 

2 , 50 0  inhabi tants .  It  i s  projected that by 1990  the NAR populat ion will  

be  one-th i rd rural and two-th i rds urban . Because of the low level of 

economic act ivit ies in the region , the outmigration from rural areas has 

cons i sted ma inly of males between the ages of 1 5  and 34 years (Howard , 

1981) . 

Populat ion dens i ty i s  related to economic activity and cl imate . In 

the Northern Ar id Reg ion as a whole , 1 , 30 0  population centers are 

s cattered within 125 , 000  square k ilometers . Populat ion dens i ty in  the 

Mazapil region ranges from 3 to 14 inhabitants per square k i lometer . 

There i s  an aver age of 94  square k i lometers  per communi ty .  Of the 61 , 000  

inhabitants of the reg ion , about 13 , 0 0 0  l ive in urban areas with 

populat ions exceeding 2 , 50 0 ;  the remaining populat ion of about 4 7 , 000  

l ives in smaller rural communi t ies . A high birth rate is  indicated by 

the large proportion of young in  the populat ion . Es timates indicate that 

ove r 5 0  percent of the population i s  below 15 years  of age . 
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3 .  Employment : I t  is  d iff icult to def ine accur ately the employment 

s i tuation s ince many of the res idents engage in several seasonal , par t

t ime economic act iv i t ies throughout the year . Thus , tlie terms 

" employment , "  " unemployment , " and "underemployment" are not always 

accurate . Impor tant sources of income in the reg ion, or activi ties in  

wh ich large numbers  of  people are  employed ,  are  deser t plant collecting , 

mining ,  and herding . Substant ial income is  sent or brought back by 

workers who have migr ated outs ide the region .  

I t  is  nece ssary to look a t  employment i n  the reg ion in terms of 

family product ion uni t s .  A typical family might be engaged in small

scale agr iculture ,  goat herding , and the collect ion of de ser t plants with 

children wor k ing in all three act ivitie s .  The family might also take in 

laundry and have one or more member s wor k ing temporar ily in a Mex ican 

c ity , or in the United States , and sending home part of the ir  income . I t  

i s  only through a combinat ion o f  these act ivi t ies that the family can 

maintain itself and try to accumulate capital . 

Many act ivities produce food and mater ial s ,  but no cash . Labor j obs 

often pay well below the minimum wage . Peasants acquire cash largely by 

sell ing surplus animal products or vegetables and harvested native 

plants ,  and through the ir  labor , especially in larger c i ties in Mex ico 

and in the Un i ted State s .  Families who own a vehicle can charge for i ts 

use . Preci se f igures are not available , but few member s of the potent ial 

guayule reg ion wor k force engage in only one income-generat ing act ivity .  

Most  of these are miners near Concepc ion del Oro, Zacatecas . 

The general employment pattern i s  shown in Table VI-I . The 

stati st ics c ited may s ignif icantly underestimate employment because they 

represent only off ic ial census data based on wor kers el ig ible for 

coverage under the soc ial secu r i ty laws . Exact f igures are not known , 

but i t  i s  commonly assumed that there are two unrepor ted j obs for every 

one off ic ially l i sted . Specific employment patterns are discussed in the 

following sect ions on migrat ion, agr iculture ,  the native plant indus try , 

herding , and mining . 
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Municipio 

C .  del Oro 
El Salvador 
Mazapil 
M.  Ocampo 
S .  Juan de 

TOTAL 

Percent of 

TABLE VI-l 

PERSONS ECONOMICALLY ACTIVE IN THE MAZAPIL REGION 
1970  

Agr iculture , 
He rding , plant Industry Business Other 

Harvesting (Mining) 

1 , 704  1 , 078 573 125  
671 72 121 62 

3 , 941 1 , 74 5  741 246  
3 2 1  3 5 5  6 3  2 3  

Gpe . 1 , 23 0  603  253 92  

7 , 867  3 , 853  1 , 751 548 = 

Total 56%  28%  13%  4% 

Source : CONAZA , CONACYT , and CIQA ,  1981 

14 , 048 

a .  Migration : The lack of secure economic opportuni ties , coupled 

with the demand for an expanding industrial and agr icultural work  force 

and the promise of h igher wages in c ities such as Monterrey , Saltillo , 

Torreon , and Monclova , has caused seasonal and permanent out-migration . 

There i s  also temporary and permanent migrat ion from the region to the 

Uni ted States . 

The sta te of zacatecas i s  one of the principle sources of migrants 

in Mexi co (Bustamante and Martinez , 1979 ; Garcia , 198 0 �  Die z-Canedo , 

1 9 8 0 ;  Howard , 1981) . Thi s  i s  a tradi tion built  over almost 100 yea r s .  

From the t imes when Mexicans were recrui ted to bui ld the mines and 

r a i lroads i n  the Uni ted State s ,  through the brace ro program , to the more 

recent era of undocumented immigration , several generations of resident s 

of Zacatecas have travelled to the Uni ted States to work . In some cases , 

migrants from Zacatecas have establ i shed satellite communities in  Tijuana 
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as a base for work in Cal ifornia.  The vast maj or i ty of  these migrants 

return to Zacatecas , wh ile only a few rema in permanently in the Uni ted 

S tates . 'Th'is  i s  important to note , since immigration from Mexico to the 

Uni ted S tates i s  often perce ived as be ing almost entirely permanent . 

There are few rel iable estimates of the amount of money flowing into the 

reg ion from relat ives work ing in Mex ican c i t ies and in the Uni ted States , 

but in 1975 the Nac ional Financ iera repor ted that an average of $50 ( US )  

was sent back to each res ident o f  Zacatecas by undocumented Mex ican 

wor kers in the Uni ted State s .  Th is  was by far the highest  recorded per 

capita payment to any Mex ican state ( Diez-Canedo , 1980 ) . In actuali ty ,  

the amount sent back was probably cons ider ably higher , s ince thi s  f igure 

represents only the amount repor ted . 

Rather than v iewing migrat ion as a one-way ,flow in which the Mazapil 

reg ion i s  a " s tag ing area , " i t  i s  more useful to see migration as a 

mechani sm whereby family uni ts in  the Mazapil  region generate the 

necessary income in order to sustain themselves in the reg ion . Wi thout 

the money that i s  returned by migrants , some family un i ts might not be 

able to per s is t .  The Mazapil  region can also be  viewed as an  area that 

furnishes a labor supply for the rapidly growing industr ial areas of 

Mex ico and the rural and urban areas of the Uni ted State s .  

b .  Agr iculture : Poor soil and the ar id cl imate make intens ive 

agr iculture d i ff icult in the NAR without cons iderable use of irr igation 

water and fer til izer . In the Mazapil  reg ion there i s  almost no irr igated 

farming . Only 300  hectares in the Zacatecas munic ipios and 800  hectares 

i n  San Juan de Guadalupe , Durango are sur face irr igated . Most 

agr iculture is  on a subsis tence level . Corn i s  the main crop and i s  a 

major element in the rural diet.  The area planted in the Mazapil region 

decreased from 29 , 000  hectares in 1970 to 2 0 , 000  hectares in 1976 , 

y ieldi ng 7 , 000 metr ic tons in 1976 , a yield of 0 . 35 metr ic tons per 

hectare . 

The other major crop i s  beans . These are totally dryland farmed , 

need no fer til izer , and adapt well to the cl imate and soil of the reg ion . 
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Approx imately 9 , 500  hectares were planted in  beans in  197 6 , y ielding more 

than 3 , 50 0  metr ic tons . The number of hectares planted in beans r ema ined 

relatively stable between 1970 and 1976 . 

c .  Native plant industry : Commercial exploitation of native plant 

resources -- candelilla , guayule , and the f i ber-producing plants such as 

lechugu illa and palma -- has been an impor tant activi ty and one of the 

main  sources of income for the rural population in the region s i nce the 

early 1900s .  Many of the ej idos have been involved i n  the production of 

industr ial r aw mater ials from candel illa , lechuguilla , and yucca , and 

also the direct market for wood , " tunas"  ( cactus fruit) , and medic inal 

plants . In the NAR about 60 percent of the rural population is involved 

in varying degrees wi th candel illa wax and ixtle f iber production . These 

activi ties , from harvest to extr action , are accompli shed on an individual 

bas i s .  The native plant industry has been character i zed by dependence on 

a highly fluctuating external market and a low level of technology . 

There have been no surveys of the resource or establishment of resource 

management practices , but COPLAMAR has recently establ ished a program 

wi th ej idos in  the Mazapil reg ion to begin  refor estation of economically 

important native plant species . 

The native plant industry has also been an impor tant cohes ive 

element . The agency representing candelilla harvesters , Fideicomi so par a  

el Fondo Candel illero ( FONCAN) , coordinates wax collection and payment s 

as well as other commun i ty services and recently became part  of the group 

of agencies coordinated by COPLAMAR. Ej idos active in  ixtle production 

have also formed associations with s imi lar structures . The area of 

southern Coahui la and norther n Zacatecas , which includes the Mazapil 

region , produces more than 70  percent of the national production of ixtle 

de palma , more than 35 percent of the ixtle de lechuguilla , and more than 

25 percent of the candelilla wax . Approximately 2 2 , 000  people in  the 

southern Coahuila/nor thern Zaca tecas area are engaged in thi s  activity ,  

producing an average of $1 , 500  pesos ( about $70 US) per month per family 
N 

( Mar tinez and Bolanos , 1979 ) . Annual repor ted wax and ixtle production 
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and revenue in  the Mazapil  reg ion are shown in  Table VI-2 . These f igures 

probably greatly underestimate actual production . FONCAN restr icts the 

amount Qf · wax i t  will purchase , and i t  i s  the only legal buyer and 

distr i butor . Production above the quota is sold on the black market and 

there i s  no accurate estimate of the quantity sold in this way . 

s i nce 1950  the economic importance of the native plant industry has 

declined due , in par t ,  to increased use of synthetic mater ials , 

especially f iber s and plas tics . Guayule production was abandoned . The 

i xtle and candelilla mar kets dimini shed precipi tously and organized 

purchasi ng at the vi llage levels ceased,  but the indus tr ies still exi sted 

a t  a very low level of production. In 1975 the candelilla market began 

to improve and the demand for candelilla wax i s  still increasing . The 

government-backed candelilla program may be revived (Campos-Lopez et al . , 

1979)  • Only the ej idos have access to much of the land on which these 

native plants grow. For many ej ido groups thi s  is the only activity from 

which they earn cash and rece ive services such as health care and food 

d i s tr ibution . 

TABLE VI-2 

ANNUAL WAX AND IXTLE PRODUCTION AND REVENUE 
IN THE MAZAPIL REGION 

Year Production (MT) Revenue ( Pesos) 
Wax Ixtle Wax 

1979 6 7 , 900  ND 1 . 7  mil .  

1978 133 , 7 00  ND 2 . 7  mi l .  

1977 160 , 500  9 , 500  3 . 4  mil .  

1976 273 , 8 00  10 , 900  3 . 7  mi l .  

1975 2 0 1 , 200  15 , 90 0  4 . 2  mi l .  

1974 132 , 900  18 , 4 0 0  2 . 4 m i l .  

ND = No data . 

Source : FONCAN in CONAZA, CONACYT and CIQA, 1981 
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d .  Herding : Subs is tence and small-scale herding , ma inly goats , i s  

car r ied o n  in the Mazapil region and i s  the most impor tant economic 

act ivity .  There is large-scale ranch ing in nor thern Coahui la .  

e .  Mining :  Silver , gold , lead , copper ,  and zinc are mined in  

northern zacatecas . Mos t  of the mining i s  concentrated in Concepcion del 
. N 

Oro , whe re about 2 , 00 0  workers are employed (Martlnez and Bolanos , 1979 ; 

Campos-Lopez et  al . , 1979) . Unl ike most economic activi ties in the 

region , work  in the mines i s  a full-t ime j ob .  Workers in this  sector are 

less l i kely to be involved in other economic activi ties . 

Although mining activities in the region have declined in recent 

years , there may be a reviva l .  Mining interests near Concepc ion del Oro 

are planning an expans ion of 1 , 0 00  j obs ( statement by the mayor o f  

Concepc ion del Oro , Zacatecas at the guayule technology assessment 

workshop i n  Saltillo , Coahu ila , Apr il  3 ,  19 8 1 ) . Miners are permanent 

employees , and the industry provides few opportunities for migrant 

wor ker s .  

4 .  Standard of living :  According to reports by the Mini stry of 

Progamming and Budget (SPP) , more than half the rural population of 

Zacatecas consumes no meat , eggs , milk , or f i sh . In an analys is  

undertaken by  COP LAMAR regarding the standard of l iving including 

food , educat ion , heal th , and hous i ng -- most areas in the the NAR are 

well below the national average (COPLAMAR in CONAZA , CONACYT and CIQA , 

1981)  • A ser ies of improvements in the reg ion have been planned by 

COPLAMAR, and the f i r s t  s tages have been init iated . Improvements are 

planned in housing , education , health care , food supply , commun ication , 

and transportation . Addi t ional improvements in dryland agr iculture are 

planned by the Mexican Food System ( SAM) . 

a .  Hous ing and services : Federal hous ing programs until  recently 

have been directed toward urban rather than rural areas . In many of the 

rural communi  ties , services such as water , sewage , and electr ici  ty are 
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unava i lable , at least par tly because of high cos ts due to the scattered 

nature of the rural population . 

b .  Water : I n  the Mazapil reg ion ,  the number of homes with water 

serv ice avai lable ranges from 23 percent to 89 percent , according to the 

municipio.  Of these , less than half have service ins ide the house . The 

ava i lab i l i ty of potable water is a major health problem for the rural 

population .  To alleviate the problem, COPLAMAR and CONAZA have initiated 

programs to provide some networ ks  and distr ibution systems and to 

tr anspor t potable water to communi ties with the greatest need.  

c .  Sew� systems : In the NAR fewer than 40  percent of the people 

have sewage service . In the Mazapil reg ion, the percentage ranges from 3 

percent to 21 percent.  Fecal contaminat ion of water suppl ies i s  largely 

respons ible for the high incidence of di sease and infant mor tal i ty from 

i nfectious and paras i t ic d iseases . Sewage systems are ma inly the 

respons ibili  ty of the state and municipio.  There seems to be I i  ttle 

local planning in the rural areas for dealing with these problems . 

Federal off ices dealing with different aspects of the problem are 

scattered . 

d .  Elec tr icity :  Electr ical services in the rural areas of Mex ico 

are the respons ibil i ty of the Federal Electr ical Power Commiss ion . 

Energy consumption patterns depend largely on income leve l .  Low income 

groups depend heavily on the use of wood and charcoal and other non

commercial sources of energy . In 19 77 , in the Mazapil reg ion ,  between 64 

to 88 percent of the homes did not have electr icity .  Rural electr ical 

consumption is  est imated to be only 9 percent of total energy use . Wood 

provides about 86  percent of the energy . High voltage lines extend to 

only e ight communi ties , the larger urban areas . 

e .  Health:  Re spiratory problems ; infectious diseases , and 

par as i tes are the mos t common health problems . The pol i  tical 

organizations of candelilla and ixtle harvester s have been instrumental 
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in obtaining health services  for the rural population .  Government health 

services are offered through the Mexi can Insti tute for Social Secur i ty 

( IMSS ) . The candelilla harvesters have been incorporated into the 

service since 1974 . New agreements between IMSS and cOPLAMAR promise to 

del iver more health services to marginal areas , such as the Mazapil 

region. These programs are independent of guayule development. 

f .  Education :  Indicator s of l i teracy and the number and level of 

schools reveal that the Mazapil region i s  well below the national 

standard.  The i ll i teracy rate in municipios var ies between 20 percent 

and 35 percent . There are 32 pr imary schools and only 8 secondary level 

schools in the region and a general lack of education infrastructur e .  

School attendance var ies cons iderably , rang ing from 8 0  percent to 7 

per cent of school-age chi ldren . 

g .  Transpor tation : Maj or paved h ighway systems into the region are 

adequate and connect the area to the major industr ial areas of Mexi co 

( Figure VI-3 ) . However ,  secondary , unpaved road networks into the areas  

where guayule i s  concentrated , or  might be grown , are few. In addition ,  

those tha t  do exi s t  are often impassible in  the rainy season. COP LAMAR 

plans to build feeder roads in  marginal area s ;  some may be in the Mazapil  

reg ion. 

5 .  Summary of cur rent trends : Some changes in  socio-economic 

condi t ions i n  the region can be expected , given the present trends , 

without guayule commercialization .  Programs , such as  those ini tiated by 

COPLAMAR, will begin  to increase the standard of l iving in  the Mazapil 

region ,  but ,  because of the uncertainty of the i r  continuation after the 

change of adminis tr ation in 1982 , the long-range impacts of those federal 

and state programs cannot be evaluated . Many chang·es are tied to an 

influx of cap ital . The LFA may change land use and land tenure patterns , 

but the way in  whi ch they will change i s  still a much debated topic .  
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The population of the region will probably continue to diminish 

slowly . Migration from rural areas to Mexican ci ties and the United 

States may increase due to the opening of the automobi le factor ies in  

Saltillo and the general industr ial expans ion occur r ing in  Mexico. 

Much of the temporary migration might become more long- term or 

permanent , e specially if migration becomes more cos tly or diff icul t .  

Increased activi ty and inve stment by S AM  and COPLAMAR may augment or at 

least mai ntain farming and small-scale l ivestock herding to improve the 

general welfar e .  Commercial harvest o f  native plants may continue to be 

a maj or source of income , but depleted plant populations and weak mar kets 

for most  products will l imit these industr ies ' economic benefi ts .  

Employment oppor tun ities in  mining in  the Concepcion del Oro region will 

increase if the planned expansion does occur . 

In sum, the level of development that i s  l i kely to take place within 

the region ,  e i ther in the agrar ian and ranch ing sector s or wi th the 

l imi ted expans ion of the mining sector , will leave the Mazapil on the 

margin of Mex ican society ,  although community services will improve 

somewhat as the COP LAMAR communi ty development plans are implemented . 

Income-generating activi ties will not be s ignif i cantly expanded , and i t  

i s  poss ible that the ixtle and candel illa resources will be exhaus ted . 

Net out-migration i s  li kely to continue . 

B .  Potential Socio-economic Impacts of Guayule Commercialization 

Guayule industry development in  the Mazapil  region will generate new 

employment opportun ities resulting in  d irect and indirect economic 

benefit to res idents of the area . Guayule commercialization will be 

especially impor tant to the groups that depend most on harvesting native 

plants , although other sector s of the populat ion may also bene f i t  from 

guayule development .  

1 .  Impacts on land tenure : Much of the land proposed for guayule 

commercial ization i s  federal land under ej ido control , but mixed 
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throughout i s  an unorgan ized pattern of var ious s ize parcels of pr ivate 

land . Two d i fferent problems related to land tenure may ar i se with 

commercial·izat ion of guayule . The first  relates to harvesting shrub in  

the wild , and the second relates  to clear ing and convers ion of  land for 

farming . 

Because the d is tr ibution of shr ub in the region does not cor respond 

to the land tenure pattern,  a program relying on wilds tand harvest could 

cause confl icts over acces s ,  harvest r ights , and compensation for 

resources removed or damaged . Optimum use of the wildstands will require  

agreements between land holder s .  Such an  agreement could include terms 

for land rental, cooperat ive harvest of j o ined production uni t s ,  harvest  

fees , or  other provis ions des igned to  fac i l i tate mutually benef ic ial 

shrub harve s t .  

Reforestat ion and improvement o f  wildstands could create confl icts 

among ej idos and between ej idos and pr ivate landowner s  regarding who will 

benef i t  from these programs . Managers  of the process ing plant may want 

lands closes t  to the fac i l i ty to be developed in order to reduce 

transpor tation cos ts . 

Intens ive reforestation of wilds tands and farming on new land may 

dramatically affect land use patterns and land tenure . The central 

i ssues are : whose land will be developed for farms , how landholders  will 

be compensated for appropr iat ion of the use of the land , and who will 

control use of the land . A corollary to the last question i s  the s ize of 

produc tion bloc ks .  Small blocks  could be wor ked more eas ily under local 

control than large blocks where economies of scale might dictate a 

machinery- intens ive operation that could exclude local res idents from any 

substanti al involvement in farm operation .  

There i s  a gradual trans i tion in  Scenar io B from wildstand harvest 

only to dominance of farming . As the program i s  implemented 

i ncrementally , product ion units could be kept within the administrative 
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boundar ies of the ej idos or transcend them. Under the latter structure , 

land use dec is ions would l i kely be dominated by the gover nment agency 

over see ing gu.ayule development .  The development schedule necessary to 

meet rubber production quotas proj ected in Scenar io B would require 

federal planning assistance that might pr eclude substantial local input.  

The degree . of local control in  dec i s ions affecting land use and 

development and the tr ansit ion rate from familiar activities to the more 

sophisticated guayule farming will greatly influence land tenure impacts . 

The LFA , i f  implemented , would allow ej idos to join in  association 

with private landholders  so that small units could be uni ted into large 

tracts to i ncrease agr icultural production efficiency . Th i s  could 

greatly aid a guayule project.  It  allows the federal government to 

promote the creation of larger production units in  Scenar io B.  

Divergent opinions have been offered regarding the potential effect 

of implementing the LFA. One contends that permitting the combining of 

cap i tal and land base would increase the agr icultural productivity and 

economic advantage of both ej idatar ios and pr ivate interests . The LFA i s  

des igned to expand production and by legal i z ing exi s ting arr angements 

between ej idos and pr ivate landowner s  could encour age ej idatar ios to rent 

the i r  lands , h ire out the i r  labor , and curta i l  the ir  small-scale farming . 

C r i tics of the LFA contend that thi s  would transform the ej idatar ios into 

wage laborers ( Aguilar Camin, 1981)  and that production would tend to 

favor exportable 

consumption . 

cash crops rather than commodi ties for local 

2 .  Impacts on population : The guayule progr am may affect 

population s i ze , dens i ty ,  and d i str ibution in  the area as well as sex and 

age di str ibution. The changes may result from altered b i r th and death 

rate s ,  movement of res idents already in the area , or from immigration to 

the region in response to guayule commercialization . 

COPLAMAR programs being ini ti ated will improve regional health care 

and education .  Better health care tends to reduce the h igh infant 
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mor tal i ty often found in remote rural areas . B i r th rates are ususally 

also high in these areas , and until they are reduced to a degree 

corresponding to the decrease in infant mor tali ty ,  the population may 

expand rapidly . Bu t improved economic condi tions , such as the guayule 

program may bring to the area , are often accompan ied by the desire  to 

reduce family s i z e .  The long-term net result can b e  reduced population 

growth after an initial increase . 

Improved economic s tatus could also encourage out-migrat ion in some 

rural area s .  Families previously lack ing the resources to permit a 

family member to leave may acquire the means through new jobs in the 

guayule industry . Underemployed family member s  may then be able to 

migrate to a c i ty to seek work .  However ,  if  the guayule program i s  

sufficiently attract ive , out-migration of young males may dimi nish and 

previous migrants may return to the reg ion .  Thi s  would move the sex 

ratio closer to 1 : 1  and lower the mean and average age , which might well 

increase the mar r i age rate , reduce mar r iage age , and ult imately increase 

the b i r th rate . The results would be a larger population and perhaps a 

more rapidly growing one . 

3 .  Impacts on employment : The intent of the guayule program is  to 

increase employment in the Mazapil  reg ion , but i t  will not affect all job 

sector s in the same way or wi th equal magni tude . 

a .  Change in migrat ion patterns : Under both Scenar ios A and B new 

employment oppor tun i ties will be created by guayule development , but in  

Mexico there ex is ts such a complex employment pattern that changes are  

diff icult to predict . A complicated interplay of forces determines 

whether a potential worker will remain and work  in guayule , migrate to 

the c i ty ,  or be involved in other work . 

Migration i s  essent ially a soc ial phenomenon based on economics . 

Dec i sions are usually made by family production uni ts and it  i s  difficult 

to predict how they will view guayule development . Migrants from the 
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Mazapil region have a comprehens ive network of commun ication concer ning 

job pos sibili ties outs ide the reg ion . They will be pragmatic and will 

we igh alternatives in assessing the par ticipation of family members in 

the guayule industry . Two of the most  impor tant factor s in that deci s ion 

are j ob secur i ty and income . If  the minimum wage i s  pa id and the 

potential worker views the job s i tuation as secure ,  i t  i s  likely that 

people who would otherwi se migr ate would stay and work  with guayule , or 

addi tional workers would be attracted to the region .  If , on the other 

hand , guayule wages were not viewed as competitive with other revenue

generating activi ties ava ilable in large Mex ican ci ties or in the Uni ted 

S tates , the high rate of migr ation would continue . On a s ix-month tr ip 

to the Un i ted States a worker might be able to save as much as $1 , 000  US 

( Camau , 1979) . Th is  involves an often diff icult and costly border 

cross ing ,  but is very attractive to a wor ker whose gross earnings i n  

Mex ico for a year may be li ttle mor e than $ 1 , 000  US . 

I t  i s  also poss ible that the number of people attracted to the 

reg ion by new j obs in the guayule industry will -exceed the number of jobs 

ava i lable . Th i s  would have a negative impact  in  that i t  would fur ther 

s train the already l imi ted communi ty service s ,  and would compound , rather 

than alleviate , the problem of unemployment and underemployment. 

Given the exper ience in  other Mex ican development proj ects , both 

urban and rur al , one mus t  be pr epared for in-migration in numbers  that 

far exceed the number of ava ilable j ob s .  Th i s  occurred in Nogales , 

Sonora ,  in the early 1970s shor tly after the opening of the " in bond " 

plants ( "maqui ladora s " )  by U. S .  compan ies . Many mor e  people migrated to 

Nogales than there were j obs available . A s imilar s i tuation i s  being 

created by the recently developed automob ile industry in Saltillo, where 

impacts of in-migrat ion exceeding job oppor tuni ties will soon begin  to 

appear . 

S i nce guayule i s  located on a controlled and restr icted land base , 

e i ther ej idos or pr ivate holdings , the attract ion of poss ible new jobs in 
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wildstand harvesting in  the Mazapi l  is  l ikely to be l imited unless the 

federal government work s  out some agreement with those who control the 

Mazapil land base . Job seekers  would be le ss l ikely to go to areas where 

employment might be restr icted to residents . Jobs related to operation 

of the processing fac i l i t ies would probably attract more j ob seekers than 

would wildstand shrub harves t ing .  

I n  Scenar io B ,  jobs i n  farming and suppor t industr ies , and 

espec ially in the processing industry , would be a great attraction to j ob 

seeker s .  Land clear ing ,  farm operat ion , and construction and operation 

of processing plants would create many more jobs , including more s k i lled , 

spec ialized,  and more h ighly pa id  j obs , than the l imited harve st and 

processing of wilds tand guayule in Scenar io A .  

An impor tant phenomenon that will affect guayule development in  the 

Mazapi l  region is the rapid expans ion of the industr ial sector in the 

nearby large c i ty of Saltillo . Both General Motor s and Chrysler 

Corporation have opened plants wh ich together employ 10 , 0 00 worker s .  

Radio advertisements and flyers attempt to attract people to Saltillo . 

Many do not possess the necessary sk ills for employment in the motor 

i ndustry , but are li kely to f ill the jobs of those who shift their  

employment to  the automob ile companies or will  work  as br icklayers  or  

domestics . Thi s  could result in a rapid out-migrat ion from the Mazapil 

reg ion and could necess iate impor t ing labor for guayule work  there . 

Uni ted States federal pol icy on immigration and border control could 

affect the Mazapil region .  There is no clearly articulated plan , but 

several general s tatements can be made about probable impacts of U . S .  

policy . A "guestworker " program limited to 5 0 , 000  workers per year , 

coupled with str icter border patrol, could greatly increase the 

d i ff iculty and cost of cross ing the border . In cons ider ing the net 

bene f i ts of migrating tempor ar ily to the Un i ted S tates versus work ing 

regionally for less income , the balance for many might be swayed in favor 

of staying in Mexico. However ,  an alternat ive would be to make fewer 
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tr ips and stay longer in  the Uni ted States  to minimize the possibility of 

detection dur ing an illegal border crossing . The net result then would 

be fewer worker s' in the region available for wor k in the guayule program.  

A substantial number of  ej idatar ios from some areas illegally " rent" 

the ir  land to others  (Dinerman , 1981) . Yielding their  land base whi le 

gaining some f inancial return encourages the se ej idatar ios to seek 

nonag r i cultural wor k .  Combining blocks of land , through renting land or 

other arrangements , to grow guayule could lead to labor shor tages in the 

reg ion i f  work  in the ci ties and in the Uni ted States appeared 

attractive , espec ially i f  peasants were unable to accumulate enough money 

pr ior to the land rent agreement to pay for a tr ip to a c i ty or to the 

Uni ted S tates . 

Under S cenar io  A i t  i s  estimated that a full-time labor force of 

approximately 900  persons would be involved in harvesting , transpor ting , 

and processing guayule . In thi s  scenar io l i ttle migration into the 

Mazapil  region i s  l i kely , as a large potential wor k  force already exists 

there . Technical per sonnel for the process ing plant would need to be 

impor ted � the vast major i ty of the new guayule wor k  force would be needed 

for the collection of guayule plants . Employment in  the guayule program 

i s  l i kely to be cons idered another activi ty in  the potential j ob pool 

r ather than as an indus try that will di splace people from their  current 

employment.  However ,  to achieve a year-round shrub supply and rubbe r 

production , there mus t  be an assured work  force . An adequate labor force 

can probably be assured through payment of an adequate wage for 

harvesting .  

Under S cenar io B many more workers may be needed than are available 

in the reg ion . The rapid rate of land clear ing and farm land 

development ,  infrastructure development ,  and cons truction of processing 

plants will certainly requ ire s k illed labor not presently available in  

the region i n  sufficient number s .  Skill  centers  to train local residents 

could be created to supply a certain number of these .  The large pool of 
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presently underemployed laborer s in  the reg ion could provide most  of the 

manpower needed for development , provided they wanted to work  in the 

guayule agroindustry . As the program develops , the momentum of- suppor t 

industr ies,  additional services required, and urbanization would create 

new labor demands .  Rather than trying to decide whe ther the guayule 

program will increase , decrease , or not change migrat ion number s  and 

patterns , i t  i s  more reali stic to conclude that Scenar io A and Scenar io B 

will do all these things in different areas . The net effects on 

migration cannot be predicted . 

b .  Agr iculture : The small-scale sUbs istence farming common in the 

Mazapil reg ion i s  a high r i sk ,  low return venture . Most of the 

production i s  crops that preserve well and are consumed locally . The 

surplus from a good crop is sold in local market s .  

A loss of agr icultural production in the reg ion dur ing a good year 

would increase food imports from producing areas outs ide of the reg ion 

and increase dependency on the national production of corn and beans . 

Although reg ional food production is  small , i ts loss could be impor tant 

locally . Under Scenar io A ,  harvesting guayule would not compe te with 

agr iculture for land use . There  might , however ,  be competition for the 

work time of the harvesters s ince much of the potential wor k force i s  

also engaged in subs is tence ag r iculture . Th is  would be espec ially true 

i n  years of good rainfall . If  ra infall is  adequate , a s igni f icant par t 

of the potential guayule wor k  force might abandon guayule harvesting to 

tend the i r  own food crops . The value of a good crop dur ing a wet year 

could exceed the value of wages paid for guayule harvesting dur ing the 

growing season . Loss of guayule harvest time would reduce processed 

rubber output and undermine agreements on rubber del ivery.  

Extens ive farmland development under Scenar io B would have a s imilar 

but greater effect on agr iculture than would wi lds tand harve s t .  

Potentially a far more s ignif icant impact on agr iculture is  future 

competition for land and labor if  the SAM project operates in the same 

areas as the guayule proj ect .  
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c .  Nat ive plant industry:  Harvesting native plants has been a 

major economic activi ty and i s  compatible with the employment pattern of 

many par t-time peasant activ i ties . Although the market is unstable and 

the value of the crops highly var iable , i t  was still common in 1970 for a 

family to earn 1 , 500  pesos per month ( about $70 US ) . In the Mazapi l  

region thi s  amounted to a total o f  about 1 . 8  million pesos ( $70 , 000 US ) . 

The manner i n  wh i ch the guayule program proceeds will de termine i ts 

impact on the candel illa and ixtle industr ies . Both of these industr ies 

are much more active to the nor th of the Mazapil region , so that any 

impact , posi tive or negat ive , on the industry as a whole will be minor . 

Wilds tand guayule harvest in  Scenario A could compete directly with 

other native plant indus tr ies for the work  force , but this seems 

unli kely . Because of the decl ine in  the volume of other plants 

harvested , due in par t  to overharvest and in par t to a decrease in the i r  

value , i t i s  more probable that thi s  slack would release the labor 

necessary to harvest guayule . The ixtle industry i s  not l i kely to 

recover the mar ket i t  has lost to synthetic  f iber s as long as petroleum 

i s  relatively cheap in Mexico. Re surgence of demand and a higher pr i ce 

for candelilla wax could create labor compet i t ion ; however ,  with 

government control of shrub harvest ,  i t  would be possible for the guayule 

agency to fac i l i tate candel illa harvest when guayule was not be ing 

harvested . The level of underemployment in the region i s  such that the 

guayule industry in  Scenar io A will not util i ze all the ava ilable labor . 

Peasants wi th free time who wish to harvest other native plants will 

probably meet the reduced demands for wax and f iber . 

The i ntensive use and reforestat ion of guayule stands in  Scenario  B 

i s  a greater threat to other native plant i ndustr ies . Most  of the 

economically impor tant species occur together and probably compete for 

water and nutr ients with guayule . For thi s  reason , and because guayule 

seedlings do not grow well in competi  tion wi th other species , those 

species would probably be removed or thei r  number s  reduced to allow 

effective reforestation and rapid growth of commercial stands of guayule . 
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Areas not used for intens ive guayule harvest would then be subj ected to 

more intens ive harvest of remaining economically important plants , 

eventually' r.educ ing the susta inable harvest of these plants . 

The farming 

200 , 000  hectare s .  

operations projected i n  Scenar io B requ ire clear ing 

Clear ing the land would cur tail local harvest of these 

other plants and increase harvest pressure on remaining stands . It  i s  

doubtful that these other industr ies could continue in the Mazapil  

reg ion . 

d .  Herding :  Because near ly all ranching in the area i s  small-scale 

herding of goats and sheep , any restr iction of access to open land will 

affect a large number of families .  Livestock herding accounts for about 

one-half the total value of forestry and agr icultural production in the 

reg ion (CONAZA ,  CONACYT and CIQA ,  1981) . 

The degree of graz ing restr iction in areas containing guayule will 

depend on the value of the for age consumed or destroyed by the graz ing .  

I f  wi ld stand harvest i s  not perce ived to be mater ially diminished by 

graz ing ,  the two act ivities could coexist.  Graz ing would probably be 

proh ib ited in s tands where guayule was replanted at moderate dens i ties .  

Areas might have to  b e  fenced to  protect them from intentional or 

acc idental graz ing . Thi s  would create conflicts over use of communal 

land . A fam ily that los t its graz ing lands might not be able to , or wish 

to , replace the los t value by harvesting guayule . Typically , fencing is  

pa id for b y  the ej ido communi ty ,  but  the bene f i ts go  only to  the famil ies  

that own lives tock to  b e  kept in  the fenced area . In general , the costs 

of and benefi ts from communal investments are not equally shared.  I f  

income from work  in the guayule program is  used to purchase l ives tock , 

herding and graz ing pressure on pastures , including those containing 

guayule , would increase . Thi s  might increase the conflict between 

guayule growth and graz ing on the same land . 

Land use changes in Scenar io B will differ qual i tatively as well as 

quant itatively from those result ing from the wilds tand harvest proposed 
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in  Scenar io A .  The changes will be incremental but will occur at a 

relatively rapid pace . wilds tand harvest initially will be similar to 

that in ScenaLio A ,  but with the beg inning of the reforestation program,  

and consequent greater value of  guayule lands , conflicts over multiple 

use will i ncrease . There will be a gradual but substantial loss of 

grazing land as farms are developed . Graz ing the same number of animal s 

on the remaining land base will reduce those lands ' productivity ,  

eventually resulting in  a loss of income to those families s ti ll 

dependent on grazing .  Excess ive use of the land could permanently reduce 

the i r  product ivi ty and make graz ing infeas ible . 

Large blocks of farm land could also disrupt movement patterns and 

in effect restr ict access to pastures geographically separated by 

farmland "bar r iers . "  Conflicts could ar ise over surrepti tious l ives tock 

grazing on guayule farms . Although thi s  would benef i t  l ivestock owners , 

i t  would have a deleter ious effect on shrub production .  

The production of bagasse forage i s  an anticipated benefi t  from 

guayule commer ciali zat ion .  Large amounts o f  mater ial will be avai lable 

at or near the process ing plan t,  where the bagasse can be converted to 

animal feed . Thi s  might lead to the creation of feedlots where animals  

are  concentrated near the feedsource . 

Feedlots near population centers could become heal th hazards due to 

the animals ' waste s ,  but the wastes also would be a new source of 

fer til i zer for small farms or for guayule farms . A feed distr ibution 

system would have to be establ i shed and a pr ice for the feed determined . 

Conflicts could ar i se between the rural el i te with money to buy the feed 

and l ivestock and the peasants who had lost graz ing lands to guayule 

farming . Bagasse-der ived feed probably will not be developed until  

several years after the farming operations have begun . By that time mor e 

than 1 5 , 00 0  hectares will have been cleared for farming , and many 

peasants may have lost grazing lands and l ives tock . 
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e .  Mining :  Impacts on the mining industry would be related 

pr imar i ly to secondary development rather than to the direct effects of 

the guayu1e program . Most mines in the area are in har d  rock and are 

deve loped 'on land too s teep or rocky for farm ing , thus land use conf l icts 

are unlikely . The type of mining pract iced requ i res relat ively l ittle 

land , but waste piles  and tail ings could d i srupt a large enough area so 

that reforestat ion zones should not be planned near active mining s i tes . 

Mining potential should be cons idered when dec iding which areas to 

r eplant with guayu1e . The h igh value and relatively small land area of a 

mine would probably preclude use of its land for guayu1e i f  potent ial 

conf l icts arose . 

The infrastructure improvements wh ich accompany development of 

wi 1dstand harvest and extens ive farming could stimulate mining 

exploration and product ion where the cost  of bu ilding roads and br ing ing 

i n  power and water i s  a limit ing factor in developing a m ine . Increased 

mining creates more jobs and attracts more workers to the area . Work  in 

mining is full-time and involves developing a ski ll . Mining and farming 

are often separate s k i lls , so that concurrent growth of farming and 

mining would not normally compete for the same laborer s .  

4 .  Soc ial impact s :  Ra ising the standard of living for inhabi tants 

of the Nor thern Ar id Reg ion , and the Mazapi1 region in par t icular , is  an 

ind i rect goal of the guayu1e commercial i zat ion prog ram .  However ,  there 

are also many other federal prog rams with the same goal . The guayu1e 

program would create jobs in the reg ion and , in add i t ion,  the 

i nfrastructure necessary to support the prog ram would also benef i t  the 

local vi llages and c i t ie s .  The net benef its o r  impacts o f  the guayu1e 

program would in part  depend on the extent to which the other federal 

programs achieve thei r  s tated goals wi thout the stimulus of guayu1e 

development . 

Guayu1e commercial ization would bring soc ial benef its , costs , and 

r isks . Posi t ive impacts will be both direct and indirect . The immediate 
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benet �ts include income from new jobs , allowing people to buy more or 

bett�F food , hous ing , and other goods and services that a federal program 

may 

and 

out 

br ing to the area . The program may stimulate improvements in water 

lPwer del'ivery,  sewe r sys tems , and roads for better access into and 

'1f the rural villages . The program may also stimulate del ivery of 

federpl soc ial se rvices such as hous ing and educat ion programs and health 

servipes . A united voice through a guayule harvesting organizat ion would 

g ive the peasants greater local power and improve the ir  abil ity to 

influ�nce local and reg ional planning .  

fhe small sector of the soc iety that owns or controls most of the 

capitll in the area has been termed the rural el ite . Their  capital base 

allow; the group access to cred it  for purchases and operations . Not 

being restr icted to a cash-only bas i s  g ives th is  group great advantage in  

opera�ing flexibil ity . The group includes shopkeepers , truck and vehicle 

owne r # ' and rancher s .  Infrastructure improvements and capital investment 

in  th� reg ion often benef it this  group d isproportionately because they 

act � s operat ing agents and funnels for operat ing expenses for the 

peasat+ts . Th i s  could increase the h igh dispar i ty of income between the 

targe � groups and the rural elite . 

improved acces s  speeds the flow of new ideas and goods into remote 

areas , 

money 

Thi s  has both pos itive and negat ive aspects , for "middlemen , "  

lenders  and hucksters ,  are typically among the f irst to enter a 

newly opened rural area . The concentrat ion of people and influx of 

outs iCie influences also change the rural nature of these areas , perhaps 

br ingt ng urban problems such as more cr ime , different moral standards , 

and ch anges i n  fami ly and soci al structure and interactions . Changes may 

be corls idered benefic ial or deleter ious , but they are often viewed with 

fear Ind di strust by rural res idents . The magn itude of these changes 

would be determined somewhat by the nature of the guayule project . 

Harves t of wildstand guayule and small-scale development would not 

repres,ent a profound change in the present nature of the reg ion . Some 

popula c ion concentrat ion would occur at shrub collect ion centers and at 
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the process ing plant , but the harvesting work  would be spread over the 

countrys ide . 

In contrast to l imited wildstand harve s t ,  the reforestation program 

and guayule farming would concentrate a larger number of people at more 

process ing cente r s .  More people would be attracted to the reg ion , and a 

more urban environment would be created . 

Changes in employment patterns can alter  the amount of t ime spent at 

home by the main  wage earners and affect the t ime avai lable for family 

and community support tasks . In areas from wh ich a large number of men 

such as road and communi ty bui lding repa i r , 

women are assuming other tasks that were 

have migrated , many tasks , 

are not be ing done , and 

tradit ionally done by men (Dinerman , 198 1 ) . Permanent employment tha t  

increa ses the number o f  people and the t ime they spend in the commun i ty 

could s ignif icantly alter the social dynam ics of the family and 

commun ity .  

I f  a n  industry based o n  a s ingle resource closes down because the 

resource is exhausted , or for poli tical or economic  reasons , cons iderable 

d i srupt ion may occur . In the Mazapil reg ion there would be ser ious 

economic disrupt ions because of the adj ustments that had been made to 

accomodate the commerc ial i zat ion of guayule . I f  many harvesters los t 

future work  options in the tradit ional d ive r s i f ied activities because o f  

the guayule program ,  the shutdown of the guayule industry could be 

d isastrous for the region . 

One ser ious potent ial problem i s  the uncerta inty of shrub supply . 

Current est imates of total biomass and sustainable harvest are h ighly 

var iable . More accurate estimates probably cannot be arr ived at without 

h ighly detai led f ield stud ies made in conj unction with harvest control . 

Because of thi s  unce rta inty a program evaluat ion is  scheduled for the 

f i fth year  of full capacity operation in Scena r io A .  I f  continuing 

surveys show an insuffic ient amount of shrub to operate the plant at full 
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capaci ty for the ten years deemed neces sary for natural revegetation and 

growth , the plant operating level could be reduced f i fty percent and the 

operation would ' still be self-suppor ting .  Thi s  would reduce the number 

of j obs in harvesting and support but would not el iminate the entire  

program.  However ,  comple te shutdown would be  poss ible after the tenth 

year of operation i f  regrowth of the wilds tands was insuff icient.  Other 

options could be considered to maintain the harvest,  including 

reforestation and expanding the harvest area . 

The rapid development program in  Scenario B could result in  other 

negative impacts on the region such as those seen after the cons truction 

of the two large automobile plants in Saltillo. Such development can 

create shor tages of hous ing ,  potable water , sewage facilities , and 

electr i c i ty ,  and can strain the tr anspor tation systems and educational 

faci l i  ties . Shor tages result ing from a large influx of people f illing 

the new j obs or seeking j obs rapidly dr ive up any pr ices  not 

governmentally controlled . Pr ice escalation i s  especially sharp when pay 

scales r i se and when higher paid  wor ker s enter the region and bid up 

pr ices for housing or commodi ties in  short supply . Uncontrolled pr ices  

for nece ssi t ies can rapidly r i se above the level that local residents can 

a fford , thus worsening rather than improving thei r  financial status . 

c .  Envi ronmental Assessment 

The environment of the Mazapil  reg ion i s  typical of much of the 

Nor thern Ar id  Reg ion of Mexico . Most of the area i s  in hot ,  dry 

intermountain valleys in  the S ierra Madre Or iental . Wide , nearly level 

valleys with deep alluvial soil l ie below gener ally gentle slopes of the 

mountai n  footh ills . OVerland water flow i s  restricted to ephemeral 

streams , except for the Aguanaval River in Western zacatecas outside the 

Mazapil region .  Li ttle i s  known about groundwater supplies i n  the area 

and very few wells have been developed.  The rocky , thin  soil here 

supports a wide var iety of native and desert plants and animals.  

Vegetation is  gener ally spar se , except near waterways and in  moi s t ,  small 
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canyons . I t  cons i sts mostly of small and med ium shrubs , grasse s ,  and 

annual herbs . Trees , tree-l ike cact i ,  and shrubs are common in some 

areas . Summer s  are hot , with maximum daytime temper atures often near 

1000 Fi winters  are cool , but temper atures seldom d ip below freezing .  

Rai nfall i s  h ighly var iable but i s  usually less than 1 6  inches ( 400 mm) 

per year . These condi t ions greatly restr ict the area in which 

trad i t ional dryland agr iculture can be successful . 

The ma in economic activities in the reg ion rely on natural resources 

exploi tation and many uses compe te for l imited resources . Commerc ial 

guayule development in Mex ico can have both pos i t ive and negative effects 

on the env ironment and i ts natural resource s .  Three categor ies of 

impacts are analyzed : 

• impacts result ing from harvest of guayule wilds tand 

populat ions ( Scenar io A) : 

• impacts resulting from guayule dry land agr iculture 

(Scenar io B) : and 

• impacts resulting from process ing guayule shrub into rubber 

and byproducts ( Scenar ios A and B) . 

S econdary and associ ated general development impacts for all the above 

categor ies will also be cons idered . 

1 .  Wildstand harvesting of guayule : Harvesting wildstands will , in 

most case s ,  increase the amount of activity and travel in the countrys ide 

rather than initiate i t ,  as harvest ing other native plants is already a 

common activity in the guayule reg ion. Harvesting procedure s ,  descr ibed 

in detail  in Chapter I I I ,  call for teams of harvesters with bur ros to 

walk through the guayule s tands , cutting shrubs that are at least 2 5  

centimeters ( 1 0  inches)  tall . Shr ubs are to be cut off at ground level 

and transported by mules to reg ional collect ion cente r s .  At the centers 

the shrub will be compr essed and shipped by wagon , truck , or  rail  to the 

process ing center . 
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Commercial harvesting could totally de stroy the guayule wilds tands . 

Pull ing the plant rather than cutting at ground level i s  usually letha l ,  

but cutting Play allow for some regeneration from the roots or from 
rV 

lateral off-shoots , called retonos . Harvesting mature plants may 

decrease the replacement rate by removing the most  prol ific  seed 

producer s ,  but s ince younger guayule plants normally produce many seeds , 

thi s  effect may be insignificant. However ,  if the harvest rate is 

greater than the replacement rate , continued harvest will eventually 

remove all the matur e plants . Cur rent estimates of sustainable y ield 

from wildstands vary greatly , but most  show a s ignificant l ikelihood that 

continued harvest to maintain output from the 5 ,  000 metr ic ton per year 

plant will deplete avai lable shrub in less than ten year s .  Exper ience 

has shown that wi thout moni tor ing and control of native plant harvest,  

local populations may b e  entirely removed . In thi s  case , unique and 

i rreplaceable genetic s trains from local populations could be eliminated . 

Removal of plants and more travel in  the guayule region will 

i ncrease soil eros ion. The heavy ra infall typical of desert  storms 

erodes soils more rapidly i f  plants are removed , as vegetation normally 

reduces rain impact and slows water traveling over the ground in the form 

of sheet runoff .  Removing shrubs will decrease the amount o f  ground 

cover and expose disturbed soi l .  Increased traffic in  the areas will 

cause more soi l  compaction and water channeling , potent ially increasing 

soil eros ion and mak ing natural stand regeneration more difficult. 

Addi tional roads probably will be extended into the guayule growing 

areas , allowing greater access to all the natural resour ces , and the 

roads themselves will be sources of erosion .  Loss of topsoil results i n  

long-term impacts because the formation rate of topsoil  in  arid reg ions 

is very slow. Decreased productivity resulting from soi l  and nutr ient 

loss could continue for decade s .  

Increased use of guayule areas and improved access might also 

strongly impact other economically important species by encouraging 

i ncreased harvest of plants such as candelilla and lechugilla .  Some 
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local populations of these species are already gr eatly reduced.  

Moni tor ing guayule w ildstand populat ions and controlling the harvest of 

de s ignated s tands is an impor tant element in coordinating ' guayule 

harvesting and process ing .  Coordinating these activities with controlled 

harvesting of other wild plants would be poss ible through cooperat ion 

wi th the candel illa organization or a new agency . Reforesting guayule 

s tands might also stimulate refores tat ion of other valuable wild plants . 

Sheep , goa ts , and 

populat ions of guayule . 

cattle graze or browse lands suppor t ing 

Because animals may eat guayule and may tr ample 

or uproot small plants , intens ive use of these areas in reforestat ion 

proj ects , as suggested in Scenar io B, and the increased value of guayule 

plants would make shrub harvest and graz ing incompat ible . 

areas would have to be fenced to keep out graz ing animals .  

Reforested 

Restr icting 

the animals to a smaller area could create severe over-graz ing on the 

remaining lands . 

The guayule plant i tself might cause some d i scomfor t to those who 

handle the harves ted shrub . One of the res in components causes a contact 

dermatitis  in laboratory an imals and may produce s imilar react ions in  

humans . Harvesters normally wear gloves and a thick vest to  protect 

themselves from the plant sap , but prolonged contac t may sens i tize 

ind ividuals . Previous exper ience did not show thi s  to be a problem, but 

health concerns are easi ly overlooked in remote areas where medical care 

is scarce . 

2 .  Dryland agr iculture : The environmental impacts from guayule 

farms are those of a row crop with a f ive-year harvest cycle . However ,  

because all guayule will be grown on newly developed farmland , class if ied 

as marg inal for trad it ional agr iculture , there will be a number of 

environmental impacts resulting from land clear ing and soil preparation 

for planting guayule seedl ings . Land area to be prepared each year i s  

cons iderable ( Table V-5 ) , 5 , 000  hectares to 3 6 , 000  hectares ( 12 , 00 0  to 

8 9 , 00 0  acres)  in a year . 
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Removi ng vege tation from such a large area creates the potent ial for 

subs tantial environmental impacts . Because guayule farms would be 

developed from seedlings on non irr igated land , cleared land would be left 

exposed to wind eros ion when there was insuff icient rainfall for 

planting . I solated , intense rain storms could also erode s igni f i cantly 

and s till not leave enough moi s ture in the soil to allow planting . After 

a comple te harves t,  eros ion potential is high. The land may be bar ren 

until the next spr ing planting .  Because rainfall var iab i l i ty i s  high i n  

the enti re  reg ion , i t  i s  extremely l ikely that in  some years soil 

moi sture accumulation in  the cool months of spr ing and early summer would 

not be suf f icient for transplanting seedl ings from nur ser ies to farms . 

A s imilar potential for wind and water eros ion of exposed soi l  

exists even i f  a guayule crop i s  establ i shed . I f  ra infall is  

insuf f icient to  permit rapid growth i n  the f i r s t  year s ,  the shrub will 

not cover the exposed soil . Under i r r igation the space between plants 

within rows closes at the end of the second season , and the space between 

rows closes dur ing the second or thi rd growing season . Wi thout 

i r r igation the se rates of canopy closing would normally be slower . The 

danger of erosion would continue for three or four year s ,  with the 

erosion potential decreasing as the percentage of ground cover increased . 

A number of examples demonstr ate the r isk involved in  dryland 

agr iculture in ar id and semiar id  regions . The h igh var iab i l i ty of 

rainfall was previously mentioned.  Both anecdotal evidence on small

scale farming and data from the Federal Bureau of Statistics show that a 

s igni f icant area of potential noni r r igated farmland in  the Nor thern Ar i d  

Region i s  left fallow o r  lost to drought on a regular bas i s , or crop 

y ield i s  very low , in  a s ignificant number of year s .  These conclusions 

are all based on trad itional agr icultural crops , and presumably guayule 

i s  better adapted to growing in ar id  cond i t ions ;  however ,  unti l  there i s  

more exper i ence wi th dryland guayule farming , the probabi l i ty of a 

s ignifi cant area of farmland lying fallow or producing very l ittle 

biomass i s  high . Windbreaks , soi l contour ing to prevent sheet runoff ,  

180 



and other methods could be incorpor ated into the land development program 

to reduce eros ion potential.  

Another consequence of  prepar ing new farmland is  destruct ion of  the 

native vegetation and wildli fe habitat.  A major por tion of the Mazapil  

region i s  graz ing land , and most  of  that i s  controlled by ej idos , 

although there are many small pr ivate land holdings spread throughout the 

area . The botany of the area i s  not well known , but endemic speci es of 

plants have been repor ted there ( Br i tton and Rose , 1919) . Because the 

area to be cleared i s  so large , it i s  l i kely that local populations of 

some plant species will be ser iously depleted or eliminated . Clear ing 

the land may also greatly reduce populations of cul turally or 

economically impor tant 

herbs . At the least ,  

native plants , such as traditional medicinal 

the avai lable area for harvesting native plants 

will be reduced,  thereby increasing the intens i ty of the harvest in the 

remaining land . S ince much of the di splaced land would also have been 

used for grazing ,  a greater number of animals may graze on lands not 

conver ted to farming . OVergraz i ng could des troy many populations of 

palatable plants , leading to increased soil eros ion and the invas ion of 

unde si rable and unpalatable speci e s ,  such as creosotebush ( Larrea) and 

tumbleweed ( Sal sola) • 

Destruction of the native vegetation would also remove animal 

habi tats . Those animals large enough to migrate out of the area would 

l i kely have difficulty in  establ i shing themselves in areas already 

occupied by the same speci e s .  Food sources and nesting s ites for migrant 

animals would also be des troyed .  Large blocks of farmland , especially i f  

fenced,  could di srupt migration patterns o f  some large mammals . 

Large-scale farming of guayule would also introduce new or 

add i ti onal pes tic ides into the reg ion . Weed control dur ing guayule stand 

e stabl i shment i s  a ser ious problem. Effective control requires 

cons iderable hand labor , or  herbicides , or  both , dur ing the early growth 

year s until guayule plants are large enough to shade out competing 

plants . 
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Guayule i s  subject to common plant d iseases and to infestations by a 

l imi ted number of insects . Growing guayule in monoculture near 

reservoirs  of· pes ts and d iseases in wilds tands and growing the crops on a 

f ive-year cycle will l ikely increase the inc idence of plant di seases and 

i nsect infestations . Us ing good farming practices , including d i sease , 

insec t ,  and weed control , should l imit the problems . 

No herbicides or insecticides  have yet been recommended for guayule , 

and l ittle i s  known about optimal appl ication rates and schedules .  Major 

concerns regarding pesticide applications to non-food crops ar e :  1 )  

safety and health o f  appl icator s and f ield wor ker s ,  2 )  residues and dr ift  

problems that could contaminate nearby f i elds and communi ties , and 3 )  

damage to indigenous plants and animals , espec ially pollinating insects 

and natural predator s of guayule . Large areas planted in  guayule may 

also disrupt hos t-predator-prey interactions and disrupt normal plant and 

animal populat ions . Guayule cultivation may also require fert i l izer s ,  

growth regulator s ,  and soil cond i t ioner s ,  but thei r  appl ication i s  still 

exper imental . Runoff and contamination are potential problems associated 

with such practice s .  Because guayule is still an exper imental crop ,  the 

potential magn itude of these hazards cannot be assessed . 

Several methods of harvesting have been tried ,  but none has yet been 

shown to be super ior . Mature shrubs can be harvested by undercutting , 

windrowing , and bali ng . These operations disturb the soil relatively 

l i ttle compared to trad i tional farming operations , but leave the soil  

uncovered . The roughnes s  of  the remaining soil  surface should reduce 

erosion hazards .  The shrub can also be topped ( known as pollarding)  

after several years  and the harves ted port ions loaded and baled . Thi s  

would open the soil to some erosion ;  but the canopy would probably regrow 

quickly . Compared to annual crops where the soil i s  disturbed greatly 

every year , guayule product ion in a f ive-year cycle would require that 

only 20 percent of the acreage be dis turbed by planting and harvesting 

operations . 
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Nursery operat ions requ ire intens ive land , labor , and mater ials use . 

The nursery area required even at the peak of the program is  only in  the 

hundreds ?f . hectares , but the impact on resources would be cons i derable . 

Nur ser ies must be irr igated,  fer t il ized , and protected with herbicides 

and pesticides . 

nur ser ies . 

Wells would probably have to be dr illed to supply most  

Seedlings could also b e  prod�ced in greenhouses . This  would require 

less space than nur sery product ion but a greater capital investment and a 

h igher level of operat ing sk ills . Research indicates that greenhouse 

seedl ing s  should be hardened outs ide the greenhouses pr ior to planting . 

Impacts from the hardening operation would be s imilar to those from the 

nursery operation .  

3 .  Process ing :  

into two categor ies : 

toxic mater ial s .  

Mos t  environmental impacts from process ing resolve 

consumption of l imited resources and release of 

Of all the mater ials consumed in the rubber extraction process , 

water i s  probably the only one l i kely to be a l imiting factor . Water 

consumpt ion is proj ected to be about 0 . 06 acre-feet of water per metr ic  

ton of  rubber , or  300  acre-feet per year for a 5 , 000  metr ic-ton per year 

proce s s ing plant.  About 2 , 700  acre-feet of water per year would be 

requi red to produce 4 5 , 000  metr ic tons of rubber . Thi s  amount of water 

would be adequate for growing about 218 hectares of cor n ( 540  acres) . 

Nearly 2 0 , 0 0 0  hectares are devoted to dryland corn production in the 

reg ion , but the total irr igated area in the reg ion is  only 800  hectares . 

Construction of the process ing fac i l i t ies would require an unknown , 

but probably large , amount of water for use in construct ion and 

consumption by contruct ion wor ker s .  Other mater ials used in the faci l i ty 

would have to be impor ted from industr ial centers such as Monterrey and 

would have l ittle effect on the reg ion . Collect ion center s ,  

transpor tation cor r idor s ,  and process ing centers would concentrate people 
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and the impacts from thei r  activi ties.  Recreational use and gather ing of 

mater i als from the wild could concentrate impact in a small area and lead 

to local deple·tion of resources and damage to ground cover and soil 

surface . Impacts of thi s  nature occur with any concentration of people 

from a di sper sed rural setting .  

A guayule processing plant uses several chemicals whi ch are 

flammable or toxic  and plant res ins themselves are potentai lly hazardous . 

Operation of a plant would gener ate emi ssions and effluent dur ing 

parboi l ing (volatile los ses ) , dust and par ticulate dur ing g r i nding of the 

shrub , caus tic effluent with some res ins dur ing pulping ,  effluent with 

detergent and res ins dur ing washing , and effluent with solvents ( acetone 

and hexane ) dur ing solvent extraction .  Other volatile gasses would be 

produced. in treating the rubber with antioxidants and other additives ,  

dur i ng drying of rubber and bagasse , and dur ing recycling and str ippi ng 

of solvents for 

solvents would 

flammabi l i  ty . 

reuse in  the extr action process . Losses of volatile 

require  safety procedur es that address tox i c i ty and 

For safety and economic  reasons these effluents would be 

recovered wi th Ii ttle release into the a i r .  

and plant worker s would be small .  

Danger to local res idents 

Di sposal of caustic water used in pulping i s  a problem that must be 

addressed . I t  has been suggested that the effluent could be treated to 

neutralize the caustic water and used to i r r igate nearby land , or used in  

the process of  generating prote in animal feeds from the bagasse . Both 

suggestions require  mor e inves tigation .  Ultimately, economics will 

dictate that the water and caus tic agent be recycled , but unti l  those 

processes are developed and ins talled , appropr iate use or d i sposal of the 

waste water must be cons idered . 

The large amounts of bagasse that would be produced as a byproduct 

might contai n  volati le solvents , depending in part  on whether shr ub or 

r ubber is deres inated . Drying and storage might create a fire  hazard i f  

the bagasse were kept compacted tempora r i ly pr ior to disposal o r  use . 
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concentrated res ins and release of volatile por tions may pose a 

heal th hazard.  The allergenic i ty of the res in has been es tabl ished in  

laboratory . mammals .  However ,  dur ing the operat ion of  tne pilot 

processing plant at Saltillo , there were no reports of respir atory , 

dermatolog ical , or allergenic i ty problems . Dangers and heal th hazards 

i ns ide the plant can be minimized by following standard industr ial 

practices such as us ing respir ator s dur ing operations that gener ate dust 

and volati les , venting solvent vapors into the outs ide air , and us ing 

normal industry procedures for handl ing flammable and toxic mater ial s .  

In Scenar io B greater volumes of potentially hazardous mater ials 

will be generated at a number of s ites .  The planned intense research 

program should quickly develop efficient procedures for recycling 

effluents and s tr ipping solvents . 

4 .  Summary : 

potential adverse 

In sum , guayule commercialization would create several 

environmental and occupational safety and health 

impacts . Harvesting wilds tands would have negative or pos i tive impacts 

on the guayule s tands , other local plants , and wildl i fe , depending on how 

the harvest i s  managed . Destruction or ser ious deple tion of reg ional 

guayule populations is a ser ious concern.  Development of  large areas of  

farmland would have a s trong negative effect on local plants and wildli fe 

and create a potentially ser ious eros ion hazard on the exposed cleared 

land . Thi s  is  perhaps the greatest potential negative environmental 

impact of commercialization . Proces s ing shrub would create potential 

pollution and health hazards , but these could be mitigated by following 

standard industry procedures . 

A large , and perhaps the greatest , environmental impact would be the 

concentration of people and increase in  population in both the urban ized 

areas around the process ing and collection centers and in the 

ag r icultural areas . This  would increase the use of resources , especially 

water and f irewood . 
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D .  Impact Wor kshop Results 

In add i t ion to informat ion gathered f rom documents , the TA team wished to 

gather f irst-nand responses from the people and agencies l ikely to be 

involved in the proposed guayu1e commercial ization.  Th is  information 

confi rmed the f i r s t  analys i s  and also es tabl ished pr io r i ties for th e 

areas of concern expres sed by the involved par t ies . 

I nte rests and concerns of the parties-at-interest were gathered and 

asses sed in three open meet ings regard ing a potential guayu1e 

agro industr ia1 system. Representat ives of federal , state , and local  

gove rnment and research institut ions attended . At  the first  meeting , an  

outline for the system, based on  wi1ds tand harvest in the Mazapi1 ,  was 

presented by the s taff at CIQA and the TA team and discussed by the 

attend ing part ies-at- interest . 

dis cu ssed at the second meet ing . 

pol icy opt ions and confl icts . 

l isted i n  Table VI-3 . 

Potent ial impacts of the program we re 

The third  workshop was concerned with 

Attendees of the impact workshop are 

Table VI-3 

NUMBER OF IMPACT WORKSHOP ATTENDEES 

Federal Government 
Federal Distr ict Local 

5 1 0  

State and Local Government 

4 4 

186  
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The meet ing had two pr imary objectives : 

• determine pr inc ipal areas of impact in the soc ial , 

economic , environmental , and pol i tical sector s �  

• establ ish the order of impor tance of the impacts i n  each 

area . 

Each attendee was asked to l ist areas of impact and rank in order 

the four mos t  impor tant i s sues .  Results of this  f i r s t  round were  

presented to  the group and the definit ions of  categor ies of  impact 

refined . After mutual agreement as to the meaning of each category , 

par tic ipants were aga in asked to rank potential impacts in each area and 

ind icate whether the impact would be pos i tive or negative or both . The 

results are lis ted in Table VI-4 in de scending order of impor tance as 

determined in the second round . 

Impact categor ies as defined by the par ticipants are listed below. 

Economic 

Employmen t : 

Investments : 

Other activi ties : 

Infrastructure : 

Mor e jobs and greater d iver s ity of jobs in 
the area . 

New investments by the guayule agroindustry 
in the reg ion . 

• Nat ive plant harvest guayule and 
agroindus try compet i t ion for labor with 
candelilla and ixtle indus tr ies . 
• Her ding goats and sheep compe t i t ion 
for land (- ) , new source of food from 
bagasse ( + ) . 
• Agr iculture - compet i t ion for land for 
dryland farming . 
• Mining - competit ion for manpower .  

Increased cost for greater infr�structure 
to support guayule agroindustry (- ) , 
benef its from gr eater infrastructure ( +) . 
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Guayule wilds tand 
harves t :  

Economic 
feas ibil i ty of 
proces� ing shrub : 

Rubber market : 

Poor over lap of distr ibution of harvesters 
and guayule . 

Level of 
technology. 

development of 

Competitiveness 
hevea rubber in 
rubber market.  

of guayule 
an uns table 

processing 

rubber with 
and var iable 

A qual itat ive summary of the results shows that the parties-at

i nterest cons idered the program to have strong pos i tive economic 

benefits , mixed but slightly pos i tive social benefits , and strong 

negative environmental impacts . Social impacts are nearly all related to 

economic i ssues in a social context .  I t  is  impor tant to remember ,  

however ,  that these workshops only cons idered guayule commerciali zation 

in the l imi ted context of Scenar io A .  Impacts and especially pr ior i ties 

would probably d i ffer for a program of the size and nature proposed in 

Scenar io B .  

E .  National Focus 

Guayule commercial ization may have some effects on a national scale . 

The low level of development proposed in Scenario A essentially precludes 

widespread . impacts 1 however ,  Scenar io B proposed a much greater rubber 

and mater ials production that would have impacts on a national scale . 

A pr imary result of the Scenar io B program would be the annual 

production of about 4 5 , 000  metr ic tons of rubber and equal or greater 

weights of res ins and bagasse . While Mexican guayule rubber production 

would be too small to affect the international rubber market , it would 

have an effect on Mex ico ' s  impor ts . Future costs of natural rubber are 

diff icult to predict,  but even assuming a low value of $1 US per pound , 

domestic Mexican produc tion of rubber in 1990s would save nearly $100 

mill ion US each year . To th is  amount can be added the value of the 

res ins and bagasse and to the extent that these products reduce impor ts,  
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they wou ld also contr ibute to improving the national balance-of-payments . 

Howeve r , large-scale guayule farming and shrub process ing could increase 

imports if specialized farm equ ipment or processing mach inery were not 

initially available in Mex ico . 

Mexico is  also struggling with the problem of large numbers  of rural 

res idents migrating to the c ities . I t  is  clear that the impact of rural 

agr icultural development or agrar ian reform cannot be general ized or 

accurately predicted , but it  is  safe to say that e i ther projected leve l 

of development would change migration patterns and that the s i ze of the 

changes would reflect the magn i tude of the program. Attempts to reduce 

rural flight to the cities and to maintain or increase rural productivity 

must be ta i lored to localit ies to produce relat ively predictable results . 

Even under the bes t  of circumstances ,  such predictions are often hopes . 

Mexico i s  pursuing a pol icy to decentral i ze planning and operation 

of federally initiated and f i nanced development programs . The success  of 

a guayule program of e i ther scale could serve as an example that might 

stimula te further attempts to decentral ize federal control and strengthen 

local partic ipatory and inter-institutional planning . 
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VI I POLICY ANALYS IS 

Thi s  chapter focuses on public policy issues that might accompany 

guayule agroindustrial development and on the agencies and groups' that 

shape , implement , and endure policy in Mexico .  Figure VI I-l graph ically 

i llustrates the course of th i s  study leading to analys is  of pol icy 

issues . 

The preced ing chapters cast two scenar ios and analyzed the ir  

poss ible impacts in the ex ist ing technolog ical and phys ical setting in  

which they might emerge . Any policies selected to affect guayule 

commerciali zation mus t  be formed in cons ideration of thei r  interaction in  

the soc i al sphere 1 however ,  values and goals of a society are  difficult 

to define preci sely and are constantly shift ing . Th is  chapter attempts 

to def ine the sal ient , but previously undefined , social , economic , and 

pol i t ical context in which the scenar ios unfold . It first  examines 

cur rent pol icies from a nat ional and reg ional per spective , and then 

ident if ies the interest groups , cr it ical quest ions underlying the main  

i ssues at stake in the scenar ios , and the existing instruments that 

compr i se current policies that affect or might affect a guayule 

ag roindustry . Th i s  examinat ion reveals pol icy needs , pol icy conflicts , 

and institutional problems that might st imulate , accommodate , or restr ict 

commercial ization . The chapter concludes with a br ief structural 

analys i s  of pos s ible government options to deal with the technolog ical 

challenge . 

A .  Context o f  Policy Format ion i n  Mexico 

Inasmuch as development prog rams are shaped by the social and 

polit ical context of a country , i t  is  useful to review some history and 

the growth of pol i t ical and insti tutional frameworks in  Mex ico . 

The pol it ical and attendant economic power in Mexico is in the form 

of a pyramid , with the Pres ident of the Republic at the apex . The 
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Pres ident and the insti tut ional i zed office of the pres ident , the head of 

the federal government , have great influence , extending to state and 

local governments . The Pres ident influences appointment of state 

gubernator ial candidates for h is  par ty and selects all ministry and 

agency head� . . Federal dominance is achieved largely through contJ::ol of 

economic and polit ical support of all levels of government . Although 

federal i sm reinforces independence of state and local governments ,  they 

tend to act in close collaboration with the nat ional government . 

Mexican politics is dominated by one party , the Insti tut ional 

Revolut ionary Party ( "Part ido Revoluc ionar io Insti tucional " ,  PRI ) . The 

roots of the PRI are in the social and agrar ian reform goals of the 

Mexican Revolution , which star ted ear ly in this century . Numerous 

opposition parties ex is t  and occas ionally win local elections , but no 

par ty has threatened the PRI ' s  domi nance of federal control . The 

Pres ident i s  the leader of the PRI and strong ly influences the select ion 

of the par ty ' s  next pres ident ial candidate . PRI candidates have 

establ ished a "pattern of perenn ial electoral victory" ( Padgett , 1966 )  

that has never been broken . 

The pres ident , who serves a single s ix-year term , the " sexenio , "  

init iates mos t  leg is lat ion in  the National Congress and may issue decrees 

in i tiating act ions ; thus , development programs in general are feder ally 

sponsored and f inanced following top level bureaucratic planning . 

Mexico i s  a country character i zed by centrali zat ion . H istor ical and 

cultural precedents have contr ibuted strongly to a central i zed poli tical 

s tructure supported by a concentration of wealth , population , educat ional 

and sc ient ific  institutions , planning for national and regional 

development , and the ult imate concentrat ion of poli tical power in one 

poli tical party and one pres ident . The importance of thi s  concentrat ion 

can be st be viewed in an hi stor ical context . Fr iedman , Gardels , and 

Pennink ( 1981)  analyzed what they termed the pol itics of space in Mexico . 

For nearly a century after ach ieving independence from Spain , Mexico 
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rema ined fragmented . Spatial and soc iocultural isolat ion augmented the 

prol i feration of local personal governments , especially well represented 

by the hacienda sys tem with its complete economic , mi li tary , and 

political organization . A key element in the system was the dependence 

on per sonal l�yalties rather than commitments to a pa rty or institution . 

The administration of Pres ident Calles in the 1920s init iated an 

e ffect ive unificat ion of central author ity .  

was t ied to the ascendancy of a new party , 

Party (eventually transformed into the PRI ) . 

The interest of local powers  

the Nat ional Revolut iona ry 

In the stable decades that 

fol lowed , industr iali zation proceeded around three centers : Mexico C i ty ,  

Guadalaj ara , and Monterrey . Thi s  growth occurred at the cost of 

increasingly unbalanced production and capital accumulation in the urban 

centers . 

I n  the 1970s Pres ident Echeve r r i a  took steps to bolster the PRI 

image as bea rer of revolutionary ideals of soc ial and economic g rowth . 

Rural and agrar ian reform increased in impor tance , and urban and reg ional 

deve lopment was incorporated into national pol icies . Economic act ivities 

and planning were decentralized through creat ion of provincial centers , 

but these centers were not autonomous , and the ir only function was to 

coordinate and channel federal programs and money . Results of many of 

these policies fell short of h igh expectations , whi le some pol icies 

failed enti rely , largely due to lack of resources and autho r i ty to 

allocate state and federal funds or to lack of local infrastructure . 

Ear ly in  h i s  admini stration Pres ident Lopez-porti llo forged a policy 

articulated in the Global Development Plan , a scheme of centralized 

planning to gu ide development of heavy industry and of o i l  and gas 

exploration . Income der ived from petroleum was to be canalized to solve 

problems in several sector s ,  including employment and natural resources 

development in marginal areas , bas i c  foods production , and standards o f  

health and pr imary services . Two addit ional policies called for 

polit ical reform : the first  promotes participation of mino r i ty parties  

in  the political process ; the second seeks to modernize public 
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admini strat ion and decentral ize its functions by transferring author ity 

to the reg ional level . 

Under the umbrella of the Global Development Plan 

mul titude of 'centrally d irected , but regionally appl ied 

there grew a 

projects and 

programs . A large port ion of the programs were aimed at marginal groups , 

many of wh ich live in a r id northern Mexico . In the 1982 campaign , De La 

Madr i d ,  in two of four major platforms , called for decentral i zat ion of 

federal act ivities and for democratic planning of federal proj ects and 

programs . 

1 .  National level pol icies : In the mid 1970s the government 

recognized the need for more coherent and coordinated planning and policy 

development . The Mex ican government establ ished the Global Development 

plan in 1979  as a comprehens ive framework for planning the development of 

Mexico .  The general goals of this  plan are : 

• Re i nforce national independence � 

• Provide employment and a minimum level of well-be ing � 

• Promote a rapid , efficient and sustained economic growth � 

• Improve the d is tr ibut ion of income among people , in 

di fferent productive sector s ,  and in di fferent reg ions . 

The se global obj ectives were to be met through the implementation of 

a ser ies of pol icies concerning food production , the agro-forestry 

sector , control of populat ion growth , and others  outlined in many 

documents such as the National Agroindustr ial Development Plan , National 

Plan for Indus trial Development , and the Mex ican Food System (SAM) . All 

of these plans are des igned to use oil  product ion revenues to f inance 

reg ional development , especially emphas i z ing the utili zation of renewable 

resources . 

with the establ i shment of the Global Development Plan the Pres ident 

also establ ished the "Coordinacion General del Plan Nacional de Zonas 
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Depr imas y Grupos Marginados " (COPLAMAR) in the office of the Pres ident 

of the Republ ic , and established a National Plan for Depres sed Areas and 

Marg inal Groups , which is coordinated by COPLAMAR. The obj ect ives of 

thi s  plan are to promote actions at the nat ional scale that will foste r 

economic activity by creating jobs and soc ial infrastructure to improve 

the well-be ing of soc ial groups and areas that have not ye t bene fited 

from previous development pol icies . 

Listed below are some of the most  impor tant elements of nat ional 

policy that would affect the format ion and operation of a Guayule 

Agroindus trial System ( SAIG ) . 

• Agr icultural Promotion Law (LFA) and Product ive Units . In 1981 a 

new agr icultural law was introduced that drastically modi f ies political 

per spect ives in the organ i zation of land . Thi s  new legal instrument 

allows restructuring or integration of ej ido and pr ivate land into large 

product ive units . If implemented it will be one of the most impor tant 

national policies d irectly related to guayule deve lopment alternative s .  

• Food Production Pol icy. To seek sufficiency in basic food grains 

the Mexican Food System (SAM) was established . SAM programs to expand 

cult ivation may well confl ict with a guayule agroindustr ial sys tem by 

compe ting for investments at the reg ional level (non-food agroindustrial 

activity versus food product ion) and for the use of the land . Conflicts 

wh ich may dis rupt agr iculture can have especially large effects in arid  

reg ions where the natural constra ints imposed by  soi l ,  water , and cl imate 

already create h igh r i s k  for dryland farming . 

• Agroindustr ial Development Plan . In 1977 the Min istry of 

Ag r iculture and Hydraulic Resources ( SARH) started a program for 

agroindustr ial development planning and evaluat ion . Potentially thi s  

could promote SAIG , but SARH has not inc luded guayule in this program .  
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• Nat ional plan for Indus tr ial Development . Th i s  plan establ ishes 

development s trateg ies for the industrial sector s ,  concentrat ing on those 

that can take advantage of the abundant supply of petrochemicals . These 

include the secondary petrochemicals such as synthetic rubber . The rapid 

growth of igdustr ies produc ing r ubber goods , other than tires , has been 

an important element in the development plan . 

• National Pol icy for Strategic Mater ials . Although no explici t 

strateg ic mater ials policy ex ists , it  is  impl icit  within plans such as 

the National Plan for Industr ial Development . Economic development of 

the country dur ing the next 20 years will depend to a great extent on the 

inputs of strateg ic mater ials , part icularly natural rubber for 

fabr ication of tires , and even more specif ically ti res for ag r icultur al 

equipment , trucks transpor ting agr icultural products , and buse s .  In 

Mexico there are a few explicit  inter-sectoral pol icies for the planning 

of the supply of mater ials like iron and cement products . The National 

Petrochemical Commiss ion indi rectly develops strateg ies for balanced 

product ion of synthetic mater ials . 

planning pol icy for rubber , howeve r .  

• Natural Rubber Pol icy.  

There is  no specific inter-sector 

The Rubber Trust (FIDHULE) was 

es tabli shed by the Mexican Government in the 1970s . One of i ts funct ions 

i s  to promote natural rubber product ion , regardless of its source , and i t  

has been respons ible for the small amount o f  natural hevea rubbe r 

produced in Mex ico . There have been many tentative programs for 

increasing the area cultivated for rubber production and proposals to 

reduce dependency on imported natural rubber , but to date these have not 

been put into practice . FIDHULE has not been able to build a solid 

techn ical base to produce a h igh quality natural rubber , and the users 

frequently complain about poor qual i ty . 

• Employment Pol icy .  Job creat ion has been one o f  the most  

impor tant policies since the Echeverria  admini stration , high unemployment 

be ing one of Lopez-Portillo ' s  pr incipal concerns . The most  conspicuous 
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nat ional employment pol icy resulted in the creat ion of COPLAMAR to 

administer the National Plan for Depressed Areas and Marg inal Groups . 

Depressed area job s timulat ion pol icy has included strengthening of 

cooperatives , generat ion of work  through road building proj ects and othe r 

i nfrastructpre creat ion , indus tr ial development , and reforestat ion and 

revegetat ion projects . These infr astructure improvement projects coupled 

w i th indus tr ial development pol ic ies have prompted some large compan ies 

to settle in communit ies with relat ively limi ted industr ial development .  

For example , two automobile manufacturer s  (Chrysler and General Motors)  

recently opened large industr ial fac i l i t ies in Salt illo .  I f  job markets 

i n  Monter rey and Salt illo ,  and consequently the i r  attract ion for 

immigrants , were to decl ine , regional proj ects and agroindus tr ia1 

development policies in arid reg ions would affect j ob ava ilab i l ity and 

migrat ion patterns in greate r propor t ion . 

• Nat ional Science and Technology Pol ic ies . A particularly 

impor tant event in 1970 was the establishment of the National Counc il  for 

Science and Technology (CONACYT) .  CONACYT was charged with promoting and 

coord inating Mex ico ' s  sc ienti f ic and technical development . CONACYT 

e stabl i shed specific science and development programs in nat ional and 

reg ional development areas cons idered to have c r i t ical need , including 

ar id lands . 

Many of these polic ies are subj ect to rapid change as a consequence 

of sexenni a1 changes in admin istrat ion . Pol icy shifts can be especially 

rapid and sweeping due to the concentrat ion of power in  the pres idency . 

Programs , such as COPLAMAR and SAM, d irectly joined to the Off ice of the 

Pres ident and not supported independently within a Ministry are 

par t icularly suscept ible to cancellat ion . 

Pol i t ical reform is  occurr ing in  Mexico as a consequence of cr ises 

surround ing official power and the emergence of stronger opposi t ion 

pol i t ical par t ies . Impetus for polit ical reform is  especially strong 

when the inab ility of government to handle impor tant soc ioeconomic 

problems i s  perce ived to result from pol it ical corr upt ion . 
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Reg ional express ion of nat ional policy l ines has st ill not been 

gene rally man i fested in powerful reg ional pol i tical groups . In 

part icular , EONCAN and La Forestal still ma intain the ir  regional 

hegemony. Introduct ion of important development projects , wi th 

s ign i ficantly large number s  of employees , could gradually modi fy the 

framework of behavior and pol i t ical control , wh ich has not evolved for 

many year s .  Whether new pol it ical insti tutions eme rge will depend 

largely upon the abi lity of the PRI to absorb the emerging pol it ical 

power s ,  as it  has done in the past .  None of these reforms seem li kely to 

alter the fundamental fus ion of political and administrat ive enti ties i n  

the PRI . Because of th i s  close tie pol it ical changes are rapidly felt in 

agencies that administer federal programs . 

level pol icie s :  The most 2 .  Reg ional 

might directly or indirectly involve guayule 

regional levels are listed below : 

• Reg ional Express ion of Nat ional Plans . 

impor tant policies which 

development at state or 

Almost all the programs 

mentioned at the national level have the ir  express ion through var ious 

dependenc ies and delegations at the state level where they are , in 

general , better coordinated . Plann ing and integration of the general 

perspectives of the federal budget operate through the state delegat ion 

of the Ministry for programming and Budget ( SPP) . 

New federal governments ' des ire for admini strative reform and the 

pres sure to decentralize and improve integrat ion of planning at a state 

level stimulated creat ion of state planning agencies . The de legat ion of 

the SPP cooperates with the s tate government to form the State Planning 

Commi ttees (COPLADES) ,  generally ' the most important state planning 

agency . The SPP appears to be enlarging its influence in national 

central izat ion of planning at the expense of dive rse Ministr ies . From 

th i s  act ion emerges a fundamental conflict between the expressed des i r e  

t o  decentralize and the need for coordinat ion of a multitude of 

ove rlapping and some times conflict ing programs and projects . 
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Policies supporting state planning agencies may be important in  

e ithe r of  the guayule scenar ios . Because of thi s ,  i t  is  important to 

identify those areas in wh ich s tate planning could represent a benefit  or 

a conflict for guayule . Several policy areas may interact s ign i f i cantly 

w i th a guayule agroindustr ial system . 

• Food Product ion . A number of policies at national , state , and 

reg ional levels affect food production in the nor thern ar id regions of 

Mexico . Of special concern here are conflicts between national goals , 

the process of extending federal dependencies , distr ibut ion of federal 

funds , and state pol icies for so il conservat ion , water resource planning , 

land use , and local utili zation of science and technology . National food 

product ion policies expressed through SAM and SARH are coordinated 

regionally through the s tate agr icultural planning offices . Impor tant 

policy conflicts can develop if nat ional ag r icultural development schemes 

place food and fiber in competition for scarce land and water resources . 

Such trade-off cons iderat ions requ ire evaluat ion of soil and water 

conservat ion of var ious crops , the natural constr aints upon ag r i culture 

i n  the reg ion , and the relat ive economic , soc ial , and environmenta l 

advantages of trad it ional versus new cropping systems . 

• Exploitat ion of Forestry Resources . For decades ,  two reg ional 

pol i t ical organizations , the agency for candeli lla promotion ( FONCAN) and 

La Forestal , the ixtle organizat ion , have control led renewable natural 

resources exploitat ion . Candelilla and ixtle are the most important 

forestry activ i t ies , and although recently the ir  exploitation has been 

coordinated by COPLAMAR , the two organ iztions still def ine structures and 

mechan i sms and s trongly influence pol itical views . Actions of FONCAN and 

La Forestal have been incons istent during the last two decade s ,  as 

var ious federal decis ions have reduced interest in the exploi tat ion of 

these resources whi le at the same time service distr ibut ion policies , 

e specially related to health , educat ion and commerce , have increased the 

number of ej idos dedicated to these forestry activi ties . These 

confl icting measures result from the lack of an integ rated long-range 

plan . 
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One of the pr incipal object ives of these organizations is  political 

control of the rural sector , c r i t ical to achieving regional improvement . 

Thi s  i nfluence is  strengthened by the uni ted front of poli tical leaders  

clearly identified with the organizations . They are  beg inning to  

exper iment , , through the incorporation of the COPLAMAR programs , to 

gradually modernize product ion systems and administrat ion , and to search 

for new uses of f iber . 

• Indus trial Development . Regional indus triali zation has depended 

on companie s ' interests in establ ishing in large communi ties such as  

Salt i llo and on  state incentives to  attract investment .  Manpower 

ava i lability is  perhaps one of the most impor tant factors in the 

implementat ion of large agroindustr ial projects . Migration in response 

to industr ial development in Salti llo , for example , has far exceeded the 

number of jobs created by that development , showing that development 

proj ects can have impor tant impacts on human settlements and that 

national policies and the ir  implementation at the state level must be 

coord inated and mutually suppor tive . 

• Pol ic ies for Soc ial Concerns and Benef its . Policies to assist 

groups living in marg inal condit ions are coordinated by regional COP LAMAR 

delegates work ing with the Mex ican Insti tute of Soc ial Secu r i ty ( IMSS)  

and Mini stry of Human Settlements and Publ ic Wor ks ( SAHOP ) . COPLAMAR and 

the National Company for Pr ice Support of Staples (CONASUPO) are 

intens i fying the i r  efforts to establish food supplies and warehouses .  

Although i t  i s  not a formal , much le ss an explic i t ,  pol icy one of the 

most frequently mentioned topics  in cons idering agroindustr ial 

deve lopment is 

through social 

the 

and 

profoundly unj ust . 

flow of benefits . The ir  

political structures has , 

histor ical 

wi thout 

distr ibution 

doubt , been 

Frequent use of subs idies to direct resources o r  

benefits and avo id the divers ion o f  investments to power ful groups o r  

persons represents policy actions des igned to correct these misdirect ions 

of bene f i ts . One of the most impor tant alternat ives to improve 

distribution of bene fits could be to generate permanent jobs i n  
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agroindustr ia1 projects . In these projects , where resources are widely 

d istr ibuted , product transportation is one of the pr incipal economic 

act ivit ies , and therefore one of the most impor tant controls on the flow 

of benef its is  control of product transpor t .  

• Employment Pol icy. H igh levels of unemployment have represented 

an acute problem in the Mazapi1  Region . Job creat ion in depressed 

reg ions through employment programs has been one of the central pol icy 

conce rns of COPLAMAR and other federal programs . Employment pol icies 

which are concentrated in spec i f ic areas or communi t ies can exacerbate 

migrat ion and settlement problems , so employment programs must cons ider 

overall reg ional impact . 

• Science and Technology. CONAYCT establ i shed speci f ic programs in 

areas c r i t ical for nat ional or regional development . 

cons idered to be cr i t ical problem area s .  

Arid reg ions were  

I n  1 9 7 4  the Appl ied Chemistry Research Center (CIQA)  was founded as 

a part  of CONAYCT ' s  policy to encourage specialized regional centers  of 

sc ient i f ic excellence . In 1976 CIQA was des ignated , by Pres ident ial 

Decree , as a Decentral i zed Public Institution as part of a dec is ion to 

decentral ize and institutionalize research and development . CIQA was 

directed to do bas ic and applied research on the development of ar id 

lands ' natural resources and undertook scienti f ic and technolog ical 

studies of product ion based upon plants nat ive to Mexico ' s  ar iq lands . 

These investigat ions produced s igni f icant technical advances such as the 

aqueous extraction process for guayu1e rubber . 

3 .  Ar id lands policy:  Development of ar id and semiar id lands has 

been an endur ing concern of the Mex ican government.  Plans and programs 

have stressed land reform , investment , and technical assistance for these 

reg ions . At the same t ime , the government has searched for promis ing 

development s trategies by supporting research and development appl icable 

to ar id reg ions . Dur ing the 1950s and 1960s , programs in a r id regions 

20 2 



were es tabl ished 

Resources ( SARH) , 

in  the 

Publ ic  

Educat ion and Health ( SEP) . 

Depar tments of 

Works and Human 

Agr i culture 

Settlements 

and Hydraulic 

( SAHOP ) , and 

In 1970 , pol icy for ar id lands development 

planning was embodied in the National Commiss ion for Ar id Zones (CONAZA) . 

In  19 72 , €ONACYT and CONAZA jo intly initiated renewable resources 

development proj ects in Mexico ' s  a r id land regions . 

The ongoing guayule research in Mexico has , s ince its initiation , 

formed part of the activities or strateg ies of th is  policy and in th i s  

way was expected to be an element i n  reg ional development . However ,  

there are no explicit  regional policies , no clear long-term strategies 

for development and inves tment in these reg ions , and the regional role of 

a guayule project is still  unclear . The lack of an integ rated reg ional 

development policy has h indered the acceptance and implementat ion of 

projects such as the guayule agroindustr ial system . 

Intens i ficat ion of COPLAMAR programs added more complex ity to the 

rural assistance program without adding a regional policy fr amework . 

F i r st proj ects introduced or expanded med ical services to the rural areas 

and later efforts continued reforestation programs . These first  efforts  

reflect national policy with a huge impact at the regional level . 

Par t icularly dur ing the last few years , act ivities and programs were 

des igned to create jobs , and , although these were not always permanent 

jobs , they generated large increases in income even though they paid the 

legal minimum salary .  Another potential benef it  of the COP LAMAR programs 

is that there now exists in the reg ion a precedent for programs wh ich 

generate j obs , although to a great extent they are subs idized . 

B .  Analys i s  of  the Issues 

Table VI I-l (p. 2 1 3 )  summar i zes four policy areas surrounding 

guayule commerciali zat 1on unde r Scenario A :  ident i f iable issue s ,  

c r i t ical questions , parties-at-i nterest (or actor s )  and existing policy 

instruments and s tudies for small-scale development based on wildstand 
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sh rub harvest and a s ingle process ing faci l i ty .  

arose dur ing publ�c meetings . 

The c r i t ical question 

Table VI I-2 summar i zes  pol icy needs and conflicts for Scenario A .  

Further effor'ts by the research team refined and extended the tables . 

Table VI I-3 and VI I-4 address Scenar io B ,  large-scale development based 

on extens ive dryland farming and four addit ional processing fac i l i t ies . 

The latter information was der ived by the research team , and was based on 

a logical extens ion of the first scenar io . Because sustained harvest of 

wilds tands i s  a part  of both scenar ios , policy cons iderations shown in 

Table VI I-l apply equally well to Scenario  B .  

not repeated i n  Table VI I-3 to avo id repetition . 

These cons iderations are 

The tables  are keyed to ident i f ied issue s .  Fourteen issues i n  

Scenar io A are lettered A through N �  these issues are repeated i n  

Scenario B and four add it ional is sues are ident i f ied with the letters  0 

through R .  The first column in each table conta ins the c r i tical 

questions identi f ied by the actor s ,  wh ich are li nked to perce ived i ssues . 

The numbe r of each quest ion links it  to relevant agencies and part ies

at- inte rest in column two and to pol icy instruments and studies in column 

three . Unnumbered entr ies in columns two and three conce rn the entire 

whole i ssue rather than one individual quest ion with in the is sue . 

1 .  Scenar io A :  There are two par ties-at- interest that are involved , 

although to di fferent degrees , with all the issues surrounding SAIG : the 

rural res idents of the guayule reg ion and the Office of Pres ident of the 

Republ ic . The residents will be affected by any policy (or the lack of a 

new policy) ,  and the Off ice of the Pres ident will be the ult imate arbiter  

of change for any natural resource policy in the area , whether the 

effects and scope are reg ional or nat iona l .  
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The following , are d iscuss ions of the i ssues  listed in Table VI I-l 

(p. 213 ) and of the pol icy needs and conflicts identi f ied in Table VI I-2 

(p.  217 ) . 

A .  Economic Feas ibil ity :  The i ssue o f  economic feas ibility 

involves only a few actors .  There are relat ively few policy instruments 

concerning th i s  although a large number of stud ies have been conducted 

wh ich provide good data on wh ich to base pol icy . Cr i t ical policy 

elements might be rubber import taxes and natural ruber pr ices in  the 

nat ional mar ket and determinat ion of the profitability cr ite r ia for th i s  

k i nd o f  project , wh ich mus t  eventually be self-suppor ting . Conflicts 

resulting from competition among potent ial rubber producers and conflicts 

be tween industry and federal agenc ies are expected . Conflicts may a r i se 

over changes in natural resource pol icies . The need to support SAIG with 

import taxes on rubber or by other indi rect subs idies may br ing into 

confl ict the cur rent policies permitting subs idies to resource-based 

i ndus tries and policy requ ir ing economic self suffic iency in federal 

proj ects . 

B .  Regional Economic Development . Reg ional economic development 

has two separate pol icy aspects : di rect ass istance and indi rect benefits  

resulting from the increased cash flow or from the positive precedent the 

project sets . The establ ishment of a guayu1e agroindustr ia1 system would 

create a relatively small number of j obs , but i t  would accelerate 

reg ional inves tment and increase productivity in the agroindus tria1 

sector . I t  would also increase the need for other agencies to provide 

publ ic services , especially water , transpor tation , and communicat ion . 

Although there has been a deta iled study of investment needs for the 

indus tr i al plant ,  there is no integrated or general investment policy for 

natural resource or agroindustr ia1 development . 

One of the impor tant local issues that may require pol icy 

intervent ion to assure ach ieving the intended goal is di recting to rural 

a reas the tax revenue generated by indus trial development . Important tax 
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sou rces wi ll be sala r ies  for profess ionals , technic ians , administrators , 

and executives . However these pos it ions are frequently concentrated , due 

to administrat ive structure , in larger ci ties where impacts from 

increased taxes are d imini shed by the s i ze of the exi sting tax base . 

Thi s  i s  true 'of La Forestal and FONCAN inasmuch as administrative- posts 

are concentrated in  Salti llo and technical suppor t posts are in othe r 

c i ties . The best organizat ional strategies to direct the flow of taxes 

at the local level could include polic ies to further decentralize 

admini strat ion and other economic act ivi ties . 

C .  Distr ibut ion of Benefits . Distr ibution of bene fits resulting 

from developing and operating a guayule agroindustr ial system largely 

concerns improvement or creat ion of public service s .  The obvious policy 

i nstruments to d i rect benefits and to ass ist ministr ies involved with 

health and welfare are already in place . What is  needed to insure thi s  

d i str ibution are administrat ive dec i s ions to di rect programs to these 

rural areas . This  could be imbedded in an instrument creating the 

agroindustr ial sys tem with a work contract for collect ive organizat ions 

( "collectivos" ) that specifies benefits for guayule harvesters . 

D .  Structure and Capabi lity of the Guayule Organi zation ( SAIG) . 

The structure of SAIG and its abi lity to oper ate effectively is  a major 

concern to almost all of the actors in government , in industry and in the 

pr ivate sector . It will be a c r i tical i ssue of any pres ident ial deci s ion 

to promote a guayule agroindustry. Each major group may wish a 

controll i ng influence in the organi zation to max imize the ir  benefits . 

Harves ter s will wish to max imize the ir  wages and the number of jobs and 

to assure continu i ty of SAIG ; the ent i ty responsible for process ing shrub 

will wish to control the processing operat ions to as sure the highest 

poss ible quality rubber and will want an assured supply of clean , h igh 

quality shrub to proces s .  The creation of SAIG as a mechanism for soc ial 

improvement may cause minor conf lict between the rubber industry , which 

w i ll have to purchase the rubber , and the federal government wh ich must 

promote soc ial welfare as well as bus ines s .  However ,  the quant ity of 
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r ubber produced will be small enough to be eas ily absorbed by the 

producers  of rubber products that do not require the highest quali ty 

rubber . Management of the var ious sector s of the agroindustry can be 

modeled after pr ivate industry , quasi-government companies , coopertives , 

" f ide i comi sos''' , or state planning agencie s .  The Federal Work  Law def ines 

how workers may be involved and in what ways they must share in the 

pro f i ts of companies : howeve r ,  these regulat ions may not apply to the new 

agroindus try . This  impl ies a need for a Pres ident ial decree defi ning 

SAIG , i ts objectives , the participants , and perhaps the means to reach 

the obj ectives . 

E .  Institut ional Conflic t/Coordinat ion . No technology i s  

inst i tut ionally neutral s o  the l i kelyhood o f  institutional confl icts will 

depend i n  large part on how adroitly the structure of SAIG accomodates 

the des ires of the involved actor s ,  and how well SAIG coordinates with 

the mult itude of agencies and groups with wh ich it  will inte ract . Thi s  

may be a n  important issue i f  SAIG operation crosses state and 

j ur i sdi ct ional lines , as it is li kely to do . 

Several areas of conflict are li kely to a r i se because of the wide 

geographic di str ibut ion of the project : agenc ies represent ing the 

harveste rs , (CNC , FONCAN , La Forestal) may be in conflict with the 

pr ivate small property owners ' agency (CNPP) in disputes over harvest of 

the di ffuse resource or payments for r ight to harvest shrub . Because the 

processi ng fac i l i ty may be located in zacatecas while shrub is harvested 

in adj acent states , espec ially Coahuila , j ur i sdictional di sputes may 

a r ise . Collection , transpor tat ion , reforestat ion , and perhaps negative 

envi ronmental impacts may occur in  one poli tical j ur i sdiction while the 

ma in benef its from proces s ing occur in another . The establ ishment of 

support i nfrastructure , especially roads , with the accompanying increase 

in traff i c ,  will requi re regulat ions wh ich may conflict with state tax 

and environmental polic ies . The intersector ial and interstate nature of 

SAIG would require coord inat ion with agencies that provide reg ional 

service . Social service agenc ies may have di fferent agreements with 
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di ffe rent states wh ile interagency agreements ,  such as those made with 

COPLAMAR , may conflict with the des i res of the state planning agencies 

(COPLADES) • A major pol icy need is  to de fine the roles of the federal , 

state , and pr ivate sector s .  

F .  I ntegration of Guayule with Other Renewable Natural Resource 

Activi t ie s . Speci f ic conflicts may be expected between promoter s  of 

activi ties dependent on ecologically intertwined natural resources : 

harvest of candelillia and ixtle , farming , and graz ing livestock .  The 

i ssue i s  volatile because the livelyhoods of many rural residents are 

precariously dependent on these marginal 

pol icies di rectly deal ing with th is  issue , 

resources . There are no 

and promotion of guayule may 

be viewed as detr imental to other natural resource-based industries ' 

activit ies . For this  reason SAIG should be coordinated with these other 

act ivi ties or at least integrated by format ion of policy cons ider ing 

reg ional e ffects . 

G .  Land Tenure . The issue of land tenure is  like a l ive coal ly ing 

in t inder : it  may be qu iescent , producing a little heat for a long time , 

but it  may suddenly flare . Mex ico is  pola r i zed over th i s  quest ion in the 

poli t i cal and theoretical arena , and SAIG may be regarded as a te sting 

g round for a real confrontat ion over agrar ian reform. A dr iving force in 

thi s  is sue is  to attempt to reconcile the need for increased agricultural 

output with the demand to sustain revolut ionary land reform ideals of 

re tur ning land control to the peasants . 

Resolution of conflicts involving land tenure policies that address 

ava i labi l i ty and ownership of guayule is  c r i t ical to the success of SAIG . 

Land on wh ich guayule grows has little economic value and so is  not in 

much di spute ; however ,  i f  a guayule agroindus tr ial system i s  implemented , 

these nearly idle , marginal lands will rapidly increase in value and may 

become sources of confl icts over ownership or control . Resolut ion of 

these conflicts would be vastly impor tant to an agency try ing to assure 

a rel iable and continuous supply of guayule . 
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The long history of soc ial and t1Polog ical abuse that character i zes 

exploitation of natura I resources wou1-d probably be repeated if there 

were no legal instrum,ents to guarant�e the continued flow of guayule 

shrub regardless of wpere the shrub i s  found . Thi s  instrument mus t 

assure remu�eration to the land owne r fmd reforestat ion of the harves ted 

land to preserve guayvtle populat ions . The Agr icultural Promotion Law 

(LFA) may in part  suppOr t  the formatic;,n of a more adequate organi zat ion 

to assure resource ava i labi l i ty ,  avo id�n9 from the outset the traditional 

confl icts of land and resource use . R�presentatives from the Ministry of 

Agrar ian Reform (SRA) , Ministry of Wat�r and Hydraul ic Resources (SARH) , 

i nvolved ej idos , from �r ivate proper ty owners , and from states  and state 

plann ing agencies shoulrd partic ipate i(1 format ion of a broader approach 

to the issue . Pol icy should cover twc:? areas : the land and soils , and 

the renewable resources !  

H .  Migration , Man;power , and Emp�yment . There are several issues 
that are so highly int�r related that iF i s  often eas ier to discuss them 

together : employment , manpower availari l i ty ,  and migration . Employment 

i s  the central point of Scenar io A .  �e harvesters are di rectly affected 

by th is  issue , but �here are many who may bene f i t  or be harmed 

indirectly . Employment i s  often the keistone in a decis ion to migrate to 

c i ties or to the Uni ted States , and s inCe SAIG may act as a precedent for 

regional employment prd'grams it is ot interest to national , regional , 

state , and c i ty plann#r s .  The few laws or pol icy instruments that 

address thi s  i ssue ,  suc'fl as the Min imu� Wage Law , Federal Work  Law , and 

employment and product ;ion objectives of SAM and COPLAMAR , deal with 

general standard s .  No ins truments retate guayule to regional o r  local 

employment pol icies and none coordinat� guayule program objectives with 
peasants ' needs for jobs ' job secur ity , and an adequate wage . 

It has been demons !trated frequentl"y that employment alone is not a 

total solution to local or regional ecoflomic problems . Clear policy in 

the first several years of the proj ect should anticipate the effects of 

rapid local inflation du� to the extern�l income . Thi s  income may result 
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from the h igh salar ies of techn icians and administrators .  The policy 

should also seek to reduce the effects of the boom-town phenomenon , 

pe rhaps di luting these effects by offer ing permanent sources of publ ic 

service s , better transportat ion , and increased commerce . The policy 

should take ' into account the overall goals of employment generated 

through secondary sources such as commerce in Cedros , tr anspor tation , and 

support  services . It  is  impor tant to cons ider the impact of short-term 

jobs dur ing the first four or five years of the project . Permanent jobs 

will pay minimum wage and thus may displace the work force in activities 

wh ich pay poorly and are at the lowest level of the soc ial value order , 

such as gather ing candel illia and fiber for ixtle . Most workers seem to 

want jobs in the industr ial sector of the agroindustry : pay is better , 

the wor k  i s  generally less demand ing phys ically , and it  confe rs  a higher 

soc i al status . 

Migration often results from economic forces ,  but the way in  wh ich 

SAIG will effect migrat ion is  uncerta i n .  The larger the industry and the 

better the economic incent ives , the larger the effect is li kely to be . 

No migration policy can be d i rectly implemented but other pol icies can 

affect migration . 

I .  The Role of Labor Organizat ions . Seve ral labor organizat ions 

are interested in the role that labor wi ll play in SAIG : FONCAN and La 

Forestal , (which already represents some plant harvesters)  and national 

unions such as the CNC and CTM . The Ministry of Labor and Soc ial Welfare 

could help define the role of a labor group in SAIG . 

Labor organ izations in Mex ico have several s igni f icant role s .  They 

are agents to bargain for wages and work ing conditions , and they 

represent the ir  members  politically . Th is  political strength can bring 

soc ial services and benefits to the reg ion . The labor organization is 

also a mechanism for trading pol it ical favor s .  An organizat ion 

represent ing peasants and workers that has the ir  strong and vocal back ing 

can ga in s ignif icant bargaining power at a reg ional or even a nat ional 
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leve l .  The f i r s t  objective o f  a group represent ing guayule wor kers might 

be to get a Pres ident ial decree establishing a guayule collect ive work 

contract .  The re will be conflicts among FONCAN and La Forestal and 

ex isting or proposed organ izations wh ich want to represent guayule 

worke rs . Over recent decades , the two local natural resource un ions have 

not shown an interest in improving productivity ,  conse rving the bas i c  

resources , or improving work  s tandards . They have not been able to 

attract investment , but have had some success in br inging soc ial se rvices 

to the area . Which labor organi zations represent workers in a guayule 

agroindustry may depend on the organ izat ional structure of SAIG . 

Ex ist ing poli tical par ties and labor organ i zations could have a role in 

the guayule agroindustr y ,  especially i f  ej idos organi ze shrub harves t ;  or 

a new organization could combine harvesters and industrial worker s .  The 

latter labor structure would look after  only the interests of workers i n  

SAIG . 

J .  Infrastructure Development . Some services will be provided as a 

result of the implementat ion of SAIG . Some infrastructure improvements 

w ill be necessary to set up the industr ial facility and to transport 

shr ubs , rubber , and suppl ies . These would have to be provided for in the 

ag reements to establ ish SAIG , and should include water , roads , utili ties , 

and communications at the indus trial center and the col lection center s .  

Medical services and other public ass istance in food , education , and 

hous ing would be sought in the political arena . Competition among 

federal agencies for funds for other projects and for j u r i sdiction in 

SAIG can be expected . 

K .  Environmental Pol lution . Environmental pollut ion i s  not 

expected to be a ser ious problem in Scena r io A. Some hazardous mater ials 

will be used in processing and some will be generated , but the amounts of 

both will be relat ively small . Cur rent laws cover workers ' health and 

environmental degradation only in a general way , so speci f ic standards 

may have to be established . Environmental and worker protect ion will 

depend on enforcement of the laws . 
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L .  Ecological Concerns . Ecolog ical concerns in SAIG ma inly relate 

to deplet ion of the resource , although there is  a possibility of soil 

e ros ion . The small scale of the harvesting program should have li ttle 

detr imental effect on the land . The impacts of harvesting guayule are 

not expecte-d "to be as g reat as the impacts from cur rent plant harvesting 

that occurs sporad ically in the region . Protection of guayule stands 

will requi re se tting and enforcing standards for harvesting , initiating 

reforestation , and monitor ing populat ions . Precedents for all of these 

exist in recent research . Implementat ion and enforcement of the rules 

and standards will be a major challenge . A pol icy conflict may a r i se i f  

the economics and shor t-term needs of SAIG conflict with schedules for 

susta ined yield harvest and h igh cos t of reforestation . 

M .  Management of Soi l  and water Resources . Although water is  

c r i t ical to the operation of  the processing faci l i ty ,  the use of  

groundwater resources is  cons idered a minor i ssue in Scenario A .  Use of 

large amounts of water for non food agr iculture or industry could be 

pol it ically volatile ;  however ,  nurser ies for reforestat ion and industr ial 

process ing should use very li ttle water . 

N .  Science and Technological Capability .  I s  the level of 

technology and scient i f ic knowledge h igh enough to enable an accurate 

assessment of the chance of success of the SAIG undertaking , and does 

the skill  exis t  to success fully complete the project? Thi s  last  is sue i s  

a n  underlying concern of all actors i n  thi s  scena r io ,  but it is  of 

special concern to the scient i f ic groups whose reputat ions are at stake . 

The i r  own studies , reviewed by outs ide agencies , answer these que stions 

in the aff i rmative . Where speci f ic answers are not at hand , the 

scient i fic community has the abi l i ty to seek and f ind them. All that i s  

needed i s  the des ire to seek these answers  and the funds and staff to 

allocate to the work .  
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Table VII-l 

POLICY ANALYSIS GUAYULE WILDSTAND HARVEST 
SCENARIO A 

ISSUES AND 
CRITICAL QUESTIONS 

A. Economic Feasibility 

1 .  will the price of guayule rubber be 
competi tive with hevea and 
synthetic rubber ?  

2 .  will SAIG b e  s el f-supporting ? 

3 .  What is the appropriate scale for 
the proces s ing plant? 

4 .  wi l l  indus try be required to buy 
Mexican guayule rubber? 

5. What will be the impact of in
flation on guayule rubber cost 
and devaluation? 

B. Regional Economic Development 

1 .  wi l l  refores tation concentrate 
the proj ect in one area? 

2 .  What will be the impact of SAIG 
on other natural res ource 
economic activitie s ?  

3 .  How many will be employed i n  
harvesting and how many i n  
proces s ing ? 

c . Distribution of Bene fits 

1 .  will potential benefits flow to 
targeted groups and communi tie s ?  

2 .  Who besides harvesters will bene
fit from guayule development? 

3. How wi l l  prices for guayule shrub 
be determined? 

4 .  Who will own and operate the 
transportation sys tem? 

AGENCIES AND 
PARTIES-AT- INTEREST 

1 .  Mexican rubber industry ; 
F I DHULE ; PEMEX; SPP ; 
SECOM; SEPAFIN 

2 .  SPP 

3. SARH ; CIQA ; CONAZA ; 
CONACYT 

4 .  Mexican rubber indus try ; 
FIDHULE ; SECOM 

5 .  SPP ; SECOM; Hacienda 

1 .  COPLAMAR; CONAZA ; 
local residents 

2 .  COPLAMAR; CONAZA; 
FONCAN ; La Fore s tal ; 
SRA; SARH ; SPP ; Gov
ernors of Coahuila ,  
Zacatecas 

3 .  Peasants ; workers ; 
STPS ; COPLADES 

Peasants ; workers ; labor 
unions ; CONAZA ; COPLAMAR; 
IMSS ; SRA; SARH ; SAHOP ; 
STPS 

4 .  " Intermediaries " (mid
dlemen) ;  private truck 
operators 
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EXISTING 
POLICY INSTRUMENTS 
AND STUDIES 

1 .  Taxes on imported rubber ;  marke 
analysis ( CONAZA, CIQA , CONACYT 

1 , 3  Feasibility s tudies ( CIQA , CONA 
CONACYT) ;  preinves tment s tudies 
( CONAZA , CIQA ) ; s tudies of guay 

rubber and byproduct use ( CIQA , 
CONAZA) ; detailed engineering a 
rubber production cost s tudies 
( CIQA , CONAZA) ;  wildstand inven 
tories , s tudies ( CIQA , CONAZA ; 
Native Plants ) 

2 .  Se l f-sufficiency requirement fo 
all federal pro j ec t s . 

. 3 .  Studies on sustainable yield 
harvest ( I IASA , this s tudy ) 

4 .  Hevea purchases required by 
government (FIDEHULE ) 

5 .  None 

1 .  COP LAMAR Regional Plan ;  Soil ani 
Wat.er Conservation Law ( SARH ) 

2 .  None 

3 .  Federal Work Law ; Feasibil ity 
s tudies ( CONAZA , CIQA) ; Agri
cultural Promotion Law 

1 .  Federal Work Law 

2 .  Social Security Law 

3 .  None 

4 .  None 



Table VI I-l ( continued) 

POLICY ANALYSIS GUAYULE WILDSTAND HARVEST 
SCENARIO A 

ISSUES AND 
CRITICAL QUESTIONS 

D .  S tructure and Capability of the 
Guayule Organization (SAI G )  

1 .  How will the organization be 
s tructured? 

2 .  Will the target groups participate 
in the design , administration , 
and earnings of the project? 

3 .  How can quality control o f  rubber 
and byproducts be maintained? 

4 .  What are the implications of a 
proces s i ng plant shutdown? 

5 .  What will be the role of the 
rubber industry? 

6 .  Who will operate the proces s i ng 
plant? 

E .  Ins titutional Conflic t/Coordination 

1 .  How wil l  e j idos be involved? 

2 .  will confli cts aris e among publi c  
sector agencies that participate in 
the proj ect? 

3 .  How will political parties i nfluence 
the operation of SAIG? 

AGENCIES AND 
PARTIES-AT-INTEREST 

1 .  Pre sident ; federal 
agencies with regional 
deve lopment programs ; 
e j iditarios ; Mexican 
rubber industry ; 
FIDHULE 

2 .  Local res idents 

3 .  SAIG ; Rubber industry 

4 .  Local residents ; all 
development agencies 

5 .  Rubber industry 

6 .  SPP ; SRA ; SARH ; STPS ; 
SEPAFIN 

l .  Ej iditarios ; SRA 

2 .  All federal agencies 
invol ved wi th regional 
deve lopment and rubber 
industry 

3 .  All political parties 

l .  

2 .  

3 .  

4 .  

EXISTING 
POLICY INSTRUMENTS 
AND STUDIES 

Federal Work Law 

Enabl ing law for para-state 
companies and COPLADES are 
examples of ways to form and 
s tructure a guayule organizatiol 

Enabling laws for cooperatives 
and Fideicomisos 

Agricultural Promotion Law 

COPLAMAR agreements with 
federal agencies 

None 

None 

4 .  What will b e  the impact o n  guayule 
development of a change of federal 
adminis tration? 

4 .  All parties concerned 5. Decrees creating COP LADES 

5 .  will there be conflict among 
muni cipios and s tates about 
impl ementing the proj ect in 
one region? 

F. Integration of Guayule With Other 
Natural Resource Activities 

1 .  wi ll guayule deve lopment compete 
with herding in the region? 

2 .  W i l l  quayule development compete 
with the candelilla and ixtle 
industries ? 

3 .  W i l l  guayule development compe te 
wi th small-scale farming? 

with guayule deve lopment 

5 .  Local and state govern
ments ; SPP 

l .  Local residents ; La 
Forestal 

2 .  FONCAN; La Forestal ; 
cande l i l l a ,  ixtle 
harvesters 

3 .  Local res idents 
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l .  None 

2 .  None 

3 .  None 



Table VII-l ( continued) 

POLICY ANALYSIS GUAYULE WILDSTAND HARVEST 
SCENARIO A 

ISSUES AND 
CRITICAL QUESTIONS 

G .  Land Tenure 

1 .  How wi ll conflicts among ej idos 
and private property owne rs over 
resources use and land control 
be resolved? 

2 .  wi l l  guayule commercialization 
affect the implementation of the 
LFA? 

H .  Migra tion , Manpower and Employment 

1 .  How will migration be affected? 

2 .  will SAIG provide secure j obs 
with an adequate wage? 

3. will there be competition between 
the local populations and migrants , 
and if s o ,  how will the problem be 
solved? 

4 .  If campesinos are involved i n  
guay ule proj e c t ,  wi ll this affect 
the goals of SAM? 

I .  The Role o f  Labor Organizations 

1 .  What will be the role of ixtl e and 
candelilla organizations in SAIG? 

2 .  will labor organizations be created 
for harvesting or process ing 
guayule? 

J. Infrastructure Development 

1. What additional social services 
will be required? 

2 .  Will SAIG stimulate infras tructure 
development and improvement? 

K .  Environmental Pollution 

1 .  Can process wastes be e fficiently 
recycled? 

2 .  will proce ss wastes contaminate 
s urface and groundwater? 

3 .  How will the health and safety 
of guayule workers be protected? 

AGENCIES AND 
PARTIES-AT- INTEREST 

1 .  Ej iditarios ; small 
private land owners ; 
SRA 

2 .  Federal government ; 
poli tical parties ; 
local residents 

l .  Migrants ; local resi-
dents ; employers in 
large Mexican citie s ; 
U . S .  Immigration and 
Naturali zation Service 

2 .  STPS ; local residents ; 
migrants ; National com
miss ion on minimum wages 

3 .  Local residents ; 
religious groups 

4 .  SAM ; peasants ; SARH 

l .  FONCAN ; La Forestal ; 
carnpesinos ; CNC 

2 .  CNC ; CTM; workers ; CCI ; 
STPS 

Local residents ; COPLAMAR; 
COPLAMAR agreements ; IMSS ; 
SEP-CONASUPO-SAHOP-STPS ; 
SSA; SECOM 

l .  CIQA ;  CONAZA ; CONACYT ; 
local residents 

2 .  Local residents ; SSA; 
SARH ; CONAZA ; SAHOP 

3 .  Local residents ; SSA; 
IMSS ; STPS 
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EXISTING 
POLICY INSTRUMENTS 
AND STUDIES 

1 .  Agricultural Promotion La,--' ;  
SRA policies 

2 .  Agricultural Promotion Law 

l .  Minimum wage law i programs 
improve standard of living 
Mazapil 

to 
in 

2 .  Federal Work Law ; minimum wages 
law 

3 .  None 

4 .  SAM obj e ctives 

l .  Statutes of FONCAN and La 
Forestal , Cande lil leros and 
Ixtleras (CNC ) 

2 .  Federal Work Law 

Social Security Law 

INFONAVIT 

1 .  Studies of residual process 
water quality 

2 .  Federal Water Law ; Environmental 
Protection ( SSA ) ; Acuaria Program 
( CONZA) 

3 .  Federal Work Law 



Table VII-l ( continued) 

POLICY ANALYSIS GUAYULE WILDSTAND HARVEST 
SCENARIO A 

ISSUES AND 
CRITICAL QUESTIONS 

L. Ecological Concerns 

1 .  What w i l l  the impacts of 
reforestation be? 

2 .  How can harvest o f  young plants . 
be prevented? 

3 .  What is the ecological impact of 
harvesting such a large amount of 
guayule? 

4 .  Will guayule refores tation main
tain wildstand popul ations ? 

M. Management of Water Resources 

1 .  How much water wi l l  b e  required for 
proces s i ng and reforestation s tock 
in nurseries ? 

N .  Sci ence and Technology Capabi lity 

1 .  Does the technology exi s t  for 
exploi ting the resource? 

2 .  Can i t  be determined i f  there is a 
sufficient resource to provide a 
sustained s upply? 

Agricultural Promotion Law 

Cooperatives Law 

Environmental Protection Law 

Federal Water Law 

Federal Work Law 

Fidei comis o  Law 

Minimum Wage Law 

Quasi-governmental Organization Law 

Social Security Law 

Soil and Water Conservation Law 

AGENCIES AND 
PARTIES-AT-INTEREST 

COP LAMAR; CONAZA; SARH ; 
local residents ; SAIG 

SARH , res ident farmers 

1 .  CONAZA ; CIQA; CONACYT; 
local res idents ; rubber 
indus try ; Mexican fed
eral government 

2 .  CONAZA ; CONACYT ; CIQA ; 
local residents 

EXISTING 
POLICY INSTRUMENTS 
AND STUDIES 

1 .  COP LAMAR reforestation programs ; 
Environme ntal Protection Law (SS 
Soi l and Water Conservation Law 
( SARH ) 

2 .  None 

3 .  Environmental Protection Law , ( S  
Soil and Wa ter Conservation Law 
( SARH ) ; National Plan to Combat 

Des ertifi cation 

4 .  Ecological s tudies ( CIQA , CONAZP 

Studies of nursery production , UAAA� 

1 .  CONAZA; CIQA, and CONACYT s tudi �  
o n  process engineering , plant 
siting , and proj ect fea sibil ity 

2 .  CONAZA , CIQA , CONACYT , IIASA 
guayule inventory studi es 

Ley de Fomento Agropecuario 

Ley de Cooperativos 

Ley de Protecion Ambiental 

Ley Federal de Aguas 

Ley Federal del Trabaj o 

Ley de Fidei comi sos 

Ley de los Salarios Minimos 

Ley de Organismos Paraestatales 

Ley de Seguro Social 

Ley de Conservacion del Suelo y Agua 
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Table VII-2 

POLICY NEEDS AND POTENTIAL POLICY CONFLICTS 
SENARIO A 

A. Economic Feasibility 

Confli cts may res ult from natural res ource 
pol i cy shifts ( from s ubsidy to self-suffi
ciency ) . 

Federal assis tance programs may conflict 
with private industry desires and oper
ations . 

B .  Regional Economic Deve lopment 

Create a program to implement , manage ,  
and monitor guayule program as part o f  
a regional natural res ource-use program. 

Competition among agencies over priori
ties and management of regional develop
ment programs . 

G .  Land Tenure 

Conflicts among land owners , l and 
holders , and federal agencies over 
implementing LFA and guayule program. 

H. Migration , Manpower and Employment 

Coordination of guayule program objec
tives and campesino needs for job 
security , and adequate wage levels . 

I .  The Rol e  o f  Labor Organizations 

Integration of workers ' activity in 
wild plant harves t  and representation 
of industrial workers . 

Col lective Work Contract . 

Clear de finition of how regional Competition among labor organizations 
development programs and LFA wi l l  for representation o n  SAIG . 
be implemented. 

Integrated regional investment policy . 

C .  Dis tribution of Benefits 

Federal/private disagreement over where 
benefits should flow. 

Need a Col lective Work Contract 

D. Structure and Capabi l i ty of the Guayule 
Organization ( SAIG )  

Presidential Decree : Recommendations 
for SAIG defining involved parties and 
their responsibilities and goals . 

E. Ins titutional Conflict/Coordination 

Resolution of roles of private/fed
eral sectors in planning , implement
ing , and operating SAIG . 

poli cies for integrated management 
of fores try resources . 

F .  Integration o f  Guayule With Other 
Natural Resource Activities 

Coordination of natural res ource 
development program. 

Promotion of natural res ource 
industries in ways that are detri
mental to other such indus trie s .  
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J .  Infras tructure Deve lopment 

Regional deve lopment plan integrating 
SAIG and infras tructure support . 

Competition among federal agencies and 
programs for funds . 

K. Environmental Pollution 

Definition of health and safety s tandards 
for harvesters and industrial workers . 

Economic feasibility of guayule program 
conflicts with cost of implementing 
health and safety s tandards . 

L .  Ecological Concerns 

Create a sustained yield guayule harves t 
program based on monitoring of resources 
and a refores tation program . 

Conflict between goals of SAI G and resource 
and environmental protection laws ( due to 
technological or ecological limi tations ) 
of harve s t  and reforestation program. 

M. Management of Water Resources 

Compe tition for water--human consumption 
or food production versus for guayule 
production. 

N. Science and Technology Capability 

NO policy conflicts foreseen 



2 .  Scenario B :  Most of the i ssues ident i f ied in Scenario B are the 

same as those identif ied in  Scenar io A,  but there are some additional 

i s sues that a r i se from the more intens ive and extens ive nature of SAIG in  

Scenar io B .  Table VI I-3 ( p .  2 2 5 )  shows the i ssues and quest ions , 

part ie s-at-interest and existing pol icy instruments and studies relevant 

to Scenar io B. Table VI I-4 ( p .  2 3 l )  summa r i zes policy needs and 

confl icts assoc iated with Scenar io B .  The components of these issues , 

the cr i tical quest ions , often di ffer substantially from the quest ions 

that arose around agroindustry based on wi ldstand harvest . Existing 

pol icies and stud ies generally apply equally to both scenar ios . The 

scenar ios d i ffer in the actor s associated with the issues or the level of 

the actor s '  involvement in an is sue ; perhaps they di ffer most strongly in 

the policy conflicts and potent ial pol icy needs . Because Scenario B has 

a nat ional per spective the policy confl icts and needs in federal agenc ies 

a re pronounced . Some local issue s ,  especially land tenure , assume 

nat ional proportion because they set a precedent for federal programs . 

A .  Economic Feas ibi lity .  The economic feas ibility o f  SAIG i n  

Scenar io B i s  determined on an ent i rely di fferent bas is than in Scenario 

A .  To be economically acceptable a relatively large-scale guayule rubbe r 

prog ram must be competitive in the international rubbe r market arld must 

be a better inve stment than a program to increase domestic Hevea 

product ion . Feas ibi lity determinations would substant ially involve 

federal agencies dealing with indus try and commerce . At present there 

are few studies that pertain to th is issue and only a few general 

pol icies regulating hevea rubber purchase in Mexico .  

B .  Regional Economic Development . Large-scale guayule farming 

could be viewed as a mechan i sm for innovation and profound change through 

a gradual increase in productivity,  mechani zat ion , and sophist ication in 

agr icultural production and process ing . This  type of development would 

require cons tant interact ions among local and federal agenc ies and groups 
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to ach ieve the production goal s wi thout exceeding soc ial constra ints . 

COP LAMAR and CONAZA projects address some aspects of reg ional development 

of natural resource use , but no integrated regional resource pol ic ies 

ex i s t .  

C .  Di str ibution o f  Benefits . There is  a poss ibility of widespread 

delete r ious effects on peasants and rural res idents i f  the history of 

large government rural development projects is  any guide . Distr ibution 

of benefits to the mos t  needy groups will depend in large part on how the 

program is structured and admini stered . One major quest ion will concern 

the degree of mechani zat ion in  SAIG . Mechanization may not benefit small 

farms but would probably increase per hectare-productivity .  Pol icies 

promoti ng rapid development of efficiently run productive units may 

confl ict with pol icies promoting development of local farms and local 

sel f-suffic iency.  No policies ex ist to guide these effor ts . 

D .  Structure and Capability of Guayule Organi zat ion . As in the 

first  scena r io the structure of SAIG and its abi l i ty to success fully 

carry out its obj ectives is c r i t ical to guayule development . There is no 

pol icy di rection for such an undertak ing . Intens ive planning to des ign 

SAIG is more important in Scenar io B than in the first  scenar io due to 

greatly increased complex ity.  

E.  Institutional Conflicts/Coordinat ion . Coordination of SAIG and 

the confl icts a r i s ing among insti tut ions for influence or control of its 

activities looms as a problem of magnitude . Because SAIG is  a large 

proj ect at a nat ional level federal , state , pr ivate , and other agenc ies 

will compete and will promote potent ially confl icting object ives ; because 

the proj ect will dramatically affect the guayule reg ion , local 

insti tut ions may well have goals that conflict with bus iness interests 

and nat ional goals of SAIG . Many insti tut ional conflicts can be expected 

s imply as a result of the complex nature of the productive chain  and the 

need for int imate coord inat ion of i ts par ts . No spec ific  pol icy 

directives ex ist to form an agroindustry . 
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F .  Integrat ion of SAIG with Other Renewable Natural Resource 
-.." 

Activi t ie s . Although the acreage of guayule farms is  to be increased 

gradually ol/er a number of year s ,  the total impact on othe r resource 

act ivities }n the area will be great . There will be a profound 

disrupt ion , ' perhaps even a replacement by guayule of other harvestfng and 

graz ing activi ties . These disruptions will not neces sar ily be direct . 

I f  SAIG prol/ides more jobs , better wages , or  better working condit ions , 

labor will 4e drawn from the othe r resource based indus tries as surely as 

if  the lane) base or the resources were taken by SAIG . The Rangeland 

Reclamation ?olicy promotes revege tation of rangelands . Some lands might 

be le ft Urtg razed if herders work  in SAIG . Pol icies promoting these 

projects wotJld have to coordinated with SAIG . 

exist to sUbfOrt such coord ination . 

No policies currently 

G .  LaTlo. Tenure . 
---..I 

Potentially major confl icts over land tenure are 

anticipated jn large-scale guayule farming . Such an ente rpr i se requires  

a high level of coordination and integration of production and process ing 

capacity . ?roductive un its that combine ej ido and pr ivate lands and 

leas ing of �j ido lands to pr ivate interests in accordance with the LFA 

will be vi�..,ed by some as an abandonment of revolut ionary ideals of 

ag rar ian refDrm. Partic ipat ion of ej idos in SAIG in a way that insures 

protection �f the i r  lands and r ights could resolve this issue , but 

c reation of puch a pol icy is  likely to be very difficult . 

H .  �at ion , Manpowe r and Employment . There are many studies by 

federal age�cies and research insti tut ions that document local responses 

to changes in jobs and economic opportun i t ies , but out of this  has 

eme rged no �pherent understanding of the proces s .  I t  is  still imposs ible 

to predict �pat effect regional programs will have on migration .  A large 

prog ram tha� employs thousands and generates cons iderable money flow will 

ce rtainly a�tract wor kers from within the area and from surrounding 

reg ions . A.. large labor pool and high demand for relative ly few jobs 

tends to lover wages .  Th is  creates a potential conflict between des ire  

t o  make SAII:j profitable , or  more profi table , and the efforts to improve 

wage s and we �fare of the rural workers . 
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I .  The Role of Labor Organizat ions . As in Scenar io A ,  strong 

compe t it ion will emerge between exist ing labor groups represent ing rural 

wor kers , La Forestal and FONCAN , and National unions , includ ing the 

National Confederat ion of Small Landowne rs  (CNPP) . National unions may 

show more i'nterest in tak ing a role in SAIG under Scenario B farming-

based operation due the number of potent ial member s .  The numbe r of 

potential new workers is  small compared to the s i ze of national unions , 

but the importance of labor representat ion will be great because the 

program sets a precedent for un ions in a new resource-based projects . 

There are no pol icies concerning the role of labor organi zation in SAIG . 

J .  Infrastructure Development . A large-scale agroindustry will 

require extensive infrastructure to support its act ivi t ie s .  This  will 

probably exceed planned development and be a strong impetus for further 

comme rcial and communi ty growth in the reg ion . Such rapid growth will 

change the rural nature of the area , and th is  may be unacceptable to some 

local res idents . There are no pol icies des ignat ing lead agenc ies or  

organ i z i ng agencies ' activi t ies . 

K .  Env ironmental Pollut ion . With modern large-scale commercial 

farming one can ant ic ipate increased use of bioc ides in the reg ion . 

There are several federal laws concernng so il , water , environmental , and 

worker protection . These are not spec i fic to guayule and its particula r 

needs and potential problems ; such laws may be needed . Enforcement of 

environmental laws has not been actively pursued in many cases . Lax 

enforcement of laws to avoid impeding economic growth is common in 

developing countries , as well as in developed countr ies , and may be at  

the heart of  this  issue . 

L .  Ecological Concerns . Ecolog ical concerns for the area center on 

the poss ibility of dese r t i f icat ion . Much of the area proposed for 

farming is not r ich biolog ically , although there may be small enclaves of 

special s ignif icance within the area . Fa ilure or slowdown of the 

i ndustry could lead to abandonment of areas cleared for farming . 
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Exper ience with farm development in other ar id regions of the world could 

serve as a guide to assess the potential for desertif ication . The re i s  

no pol icy address ing this is sue , but many pol icies are be ing formed in  

the federal Institute for Political , Soc ial and Economic Stud ies . 

M.  Management of So il  and Wate r Resources . Federal agencies do not 

have suffic ient data on reg ional aqui fers to assess the ir  adequacy to 

support large scale farming , although the water requi rements for SAIG 

could be est imated . Federal laws cons ider the general aspects of soil 

and water management to avo id mi suse and dese r t i f ication , but , since the 

greatest threats of desertification ar ise from abandonment of a developed 

ag ro industry , these laws do d irectly affect the program.  SARH and SAHOP 

pol icies expressed in the National Hydraulic Plan de fine general 

restr ictions of  water use in each defined water distr ict . SAIG 

agr icultural and industr ial water use must comply with these rules or new 

policies which exempt SAIG must be created . 

N .  Sc ience and Technology Capabi lity .  Achieving the goals o f  

Scenar io B will requi re a cons iderable research effor t i n  agr icultural 

production and industr ial process ing . The is sue has two components : 

i ndividual capability ,  and the capability of the research and development 

organ i zat ions to recognize and re spond to SAIG research needs . There i s  

no question that there are many excellent Mexican scientists , but 

confl icts may ar ise among unive r s i t ies and research centers  over what  

research i s  needed and who can or  will  accomplish it .  The issue raises 

the question of whether pol i tical and insti tutional constraints will 

allow univers ities to adapt to research and development schemes proposed 

by SAIG . Difficulties may occur if the SAIG structure includes pr ivate 

or quasi-governmental (para-estatal) partic ipants with which universities 

do not normally collaborate . Current federal policy may strengthen the 

capabil ity of univers ities and research centers  to per form the research 

needed to suppor t SAIG obj ectives . 
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o .  Nat ional Economic and Industr ial Development . A program to 

produce 4 5 , 000  to 50 , 0 0 0  metr ic tons of rubber per year will be expens ive 

to init iate , although under the r ight ci rcumstances it could produce a 

ne t savings over the purchase of impor ted rubber after some years of 

operation . . Rapidly chang ing cond i t ions in Mexico and scant informat ion 

do not pe rmit  an accurate analys is of the economics of such a large 

unde rta king .  The Global Development Plan outl ines the administrat ion I S  

intent for national development . These general pol icies indicate how a 

program such as farm-based SAIG could f i t  into nat ional plans , but the re 

are no stud ies spec i f ic to guayule . The costs and bene fits of SAIG would 

have to be determined and compared to the many other exist ing or proposed 

deve lopment plans . 

P .  Nat ional Rubber Plan . Any development of a farm-based guayule 

agroindustry awa its a federal determination of guayule importance in the 

national economy and to nat ional economic secur ity .  

outl ining a nat ional rubber plan . 

There is  no pol icy 

Q .  Competition with Food Production . SAIG pol icies promoting 

guayule rubber production may conflict with federal pol icies promoting 

food crop production to achieve self sUffic iency . 

specif ically , is  very act ive in the guayule region . 

The SAM program , 

Guayule will be 

grown on land that is  not sui table for crops , so there will be li ttle 

competi tion for land ; howeve r ,  the programs may compete for development 

funds and for resource s necessary to any farm pract ice in the reg ion . 

Part of the attraction of growing food crops is  a federally guaranteed 

pr ice . Changes in  th i s  policy and other agr icultural support pol icie s ,  

such a s  subs idies for fer t i l i zer , could increase the attractiveness  of 

g rowing guayule on farm land in the guayule reg ion . SAIG does not 

ant ic ipate using food crop land , but a decrease in pr ice supports might 

generate pressure to al low purchase of guayule grown on former crop 

lands . 
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R .  United States Interest in Mexican Guayule Commercializat ion. 

Mexico and the Un ited States have establ ished a patte rn of promoting 

s cience and technolog ical exchange . SAIG should be a part of thi s  

cont inuing formal and informal process . Both countr ies are pursuing a 

path of research , although of widely fluctuating intens ity ,  that may lead 

to a commercial agroindus try . Both countr ies may advance the i r  efforts 

through informat ion exchange and collaboration .  There is  some conce rn in 

Mexico that multinational corporations and the United States Department 

of De fense may may seek to involve themselves in guayule 

commerciali zat ion in ways that are not in Mexico ' s  best  interes t .  
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Table VII-3 

POLICY ANALYS IS - GUAYULE FARMING 
SCENARIO B 

ISSUES AND CRITICAL QUESTIONS 

A. Economic Feasibi lity 

1 .  I s  guayule farming the least 
expensive alternative to domestic 
natural rubber production? 

2 .  Can guayule rubber be produced 
with acceptable wage rates at 
a price competitive with imported 
hevea? 

3 .  I s  a production target o f  one
third of domes tic demand real
istic? 

4 .  Will indus try be required to buy 
Mexican guay ule rubber? 

5.  Will SAIG be self-supporting? 

B. Regional Economic Development 

1 .  Wi l l  the guayule program ( SAIG ) 
provide j obs , and raise the 
income level and standard of 
living of Mazapil res idents? 

2 :  Will Mexico ' s s ocial needs 
cons train development of 
critical materials? 

3 .  Will SAIG increase regional 
inflation? 

4 .  How does SAIG compare with 
alternative regional develop
ment programs? 

5 .  Will rapid development create 
shortages of energy , skilled 
labor , supplies and material s ?  

6 .  W i l l  SAIG stimulate other 
indus trial or agricultural 
development? 

PARTIES-AT- INTEREST 

Federal government ( SPP , 
SEPAFI N ,  SARH , SECOM) Mex-

EXISTING 
POLICY INSTRUMENTS 
AND STUDIES 

ican rubber indus try ; Multi- 1 .  
national rubber exporters . 

None 

Banco Nacional de Credito 2 .  Feasibil i ty studies only con
sider wildstand harve s t  and 
low volume rubber production . 

Rural 

4 .  See A-4 Table VI I - l  

5 .  S e e  A - 2  Table VII-l 

COPLAMAR ; local residents ; 
Federal agencies involved 
with regional deve lopment 
programs ; SPP ; SARH ; SRA; 
COPLADES ;  CONAZA 
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3 .  ? 

4 .  Current policy requires pur
chase of dome s ti c  hevea rubbe r .  

5 .  Federal policy requires Fed
erally supported industries 
to be economically self
sufficient . 

1 .  None . CIQA-CONAZA-CONACYT
CIDER studies only cons idered 
small scale development . 

2 .  ? 

3 .  ? 

4 .  ? COP LAMAR , CONAZA , policies 
to promote native plant use . 

5 .  ? 

6 .  ? 



Table VII-3 ( continued) 

POLICY ANALYSIS - GUAYULE FARMING 
SCENARIO B 

ISSUES AND CRITiCAL QUESTIONS 

C. Dis tribution of Benefits 

1. wi l l  local residents ' needs and 
regional social benefits be over
looked because of critical mate
rials needs? will SAIG be 
machinery intensive to decrease 
labor costs? 

2 .  What will be the role of large 
Mexican companies and multi
national companies in the 
guayule program? 

3 .  How will prices for guayule 
shrub be determined? 

4 .  Who wil l  own and operate the 
transportation system? 

D .  Structure and Capabil i ty of 
Guayule Organization 

1 .  How wi ll the organi zation be 
s tructured? 

2 .  wi ll local groups participate 
in the design and administra
tion of the project? 

3.  How can qual ity control o f  
rubber and by-products be 
maintained? 

4 .  What are the implications o f  
a processing plant shutdown? 

5 .  What wi ll b e  the role of the 
rubber industry ? 

6 .  Who wi l l  operate the p rocess
ing plant? 

E .  Insti tutional Confl ict/Coordination 

1 .  Who will control and operate 
guayule farms and bagasse 
feed dis tribution sy stem? 

wi l l  con fli cts arise among 
pub l i c  sector agencies that 
parti cipate in the pro j ect? 

3 .  Ho",' will ej idos be involved? 

PARTIES-AT-INTEREST 

See C Table VII-l 

1 .  Local res idents ; 
Federal government ; 
SAIG 

2 .  Mexican and mul ti-na-
tional rubber companies 
and farm equipment manu-
facturers . 

3 .  See C- 3 Table VII-l 

4 .  See C-4 Table VII-l 

1. See D, Table VII-l 

1 . , 2 .  Ej idatarios ; SARH ; 
all Federal agencies 
involved with regional 
deve lopment ; the rubber 
industry 

3. Ej idatarios ;  CNC ; CCI ; 
CNPP 
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EXISTING 
POLICY INSTRUMENTS 
AND STUDIES 

Federal Work Law 

1 .  None 

2 .  None 

3 .  None 

4 . None 

See D ,  Table VI I-l 

1 .  None 

2 .  None 

3 .  LFA ; SRA policies 



Table VII-3 (continued) 

POLICY ANALYSIS - GUAYULE FARMING 
SCENARIO B 

ISSUES AND CRITICAL QUESTIONS 

E .  Institutional Conflict/Coordination 
( continued) 

4 .  What wi l l  be the influence of 
political parties ? 

5 .  What wi l l  b e  the impact on 
guayule development of a 
change of federal admini stra
tion? 

6 .  will there be conflict among 
municipios and s tates about 
implementing the project in 
one region? How will they 
be s olved? 

F .  Integration of SAIG with Other 
Renewable Natural Resource Activities 

1. wi ll large-scale farming dis
rupt exis ting agriculture? 

2 .  Will large-scale farming dis
rupt herding? 

3. Will bagasse feed production 
offset grazing losses or aug
ment lives tock production? 

4 .  will guayule development dis
rupt the candelilla and ixtle 
indus trie s ?  

G.  Land Tenure 

1 .  Who will control o r  own the 
guayule farmland? 

2 .  wi l l  farms b e  developed i n  small 
p lots or larger combined produc
tion units ? 

3 .  How will conflicts among ej idos 
and property owners over res ource 
use and land control be resolved? 

4 .  will guayule farming affect the 
implementation of the LFA? 

PARTIES-AT-LARGE 

4 .  All political parties 

5 .  Guayule agency 

6. Municipal and state 
government 

1 - E j i datarios ; SAM ; 
CONASUP O ;  small land-
owners 

2 .  Local residents 

3 .  Local residents 

4 .  La Fores tal ; Foncan ; 
local residents 

Mexican government ;  
ej idatarios ; small prop
e rty owners ; poli tical 
partie s .  
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EXISTING 
POLICY I NSTRUMENTS 
AND STUDIES 

4 .  ? 

5 .  ? 

6 .  ? 

1 - SARH policies 

2 .  ? 

3 .  CIQA-CONAZA studies ; Range 
land improvement policy 

4 .  ? 

1 .  SRA policy (Agrarian Re form 
Law ) 

2 .  None 

3 .  None 

4 .  Agricultural Promotion La", 
(LFA) ; Agrarian Reform Law 



Table VII-3 ( continued) 

POLICY ANALYSIS - GUAYULE FARMING 
SCENARIO B 

ISSUES AND CRITICAL QUESTIONS 

H. Migration , Manpower ,  and Employment 

1 .  Will an adequate labor force be 
available in the region? 

2. wi ll any displaced residents 
have acceptable local job 
opportunities? 

3 .  will the guayule program attract 
more workers than it can employ? 

4 .  wi ll SAIG provide secure j obs 
with an adequate wage? 

I .  The Role o f  Labor Organi zations 

1 .  wi ll new labor organizations be 
created for guayule farming or 
will an exis ting one have j ur
isdiction? 

J. Infras tructure Development 

1 .  wi ll intensive farming and 
processing require extensive 
infras tructure improvements 
beyond those already planned 
for the region? 

2. wi ll infras tructure improve
ments for SAIG be made to the 
detriment of other industries 
or other regions? 

3 .  will the development of the 
infrastructure cause a signifi
cant change in the rural nature? 

K. Environmental Pollution 

1. wi ll extens ive farming require 
widespread use of large amounts 
of biocide s ?  

2 .  will sewage facili ties adequate 
to prevent water contamination 
be bui l t  in time to handle the 
influx of workers and the con
centration of people at work 
centers ? 

3 .  will a large guayule industry 
attract and concentrate other 
indus trial pollution sources? 

4 .  wi ll environmental pollution be 
monitored and controll ed? 

PARTIES-AT-LARGE 

STPS ; SAHOP ; local resi
dents ; employers in La 
Laguna area and nearby 
large c ities ; regional 
development agencies 

Foncon , Foresta l ,  CNC ,  
CTM , CCI ,  peasants , 
workers 

1 .  COPLAMAR; SEP ; SAHOP ; 
STPS ; SSA ; SECOT : CFE ; 
CONASUPO, rubber indus-
try . 

2 .  Rubber industry ; near-
by municipios ; s tates 

3 .  residents , churches 

Research ins titutions . 

1 .  Agrichemical indus try ; 
envi ronmental protec
tion groups , SSA, SARH 

2 .  SSA ;  SAHOP ; SARH 

3 .  ? 

4 .  SSA; SARH 
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EXISTING 
POLICY INSTRUMENTS 
AND STUDIES 

Many studies by federal agencies 
and research institutions 

1 .  1980 census ; CONAZA , CIDER; 
CIQA, STPS studies ; Agarian 
Reform Law 

2 .  None 

3 .  None 

4 .  None 

1 .  None 

1 .  PIDER 

2 .  None 

3 .  None 

Environmental Protection Law ; 
Soil & water Conservation Law ; 
Federal Water Law 

1 .  Agronomic s tudies in Mexico 
(UAC, UAAAN ) and United States 



Table VII-3 ( continued) 

POLICY ANALYS IS - GUAYULE FARMING 
SCENARIO B 

ISSUES AND CRITICAL QUESTIONS 

L. Ecological Concerns 

1 .  How much will extensive guayule 
farming and process ing damage 
plant and animal populations ? 

2 .  Will extensive land clearing 
and dry land farming cause 
signifi cant soil eros ion? 

M .  Management of Soil and Water 
Resources 

N. 

1 .  Is there enough water in the 
region to construct and main
tain an expanded agroindustry 
and population? 

2 .  How much water i s  needed for 
industrial processes and 
nurseries ? 

3 .  I s  sustainable dryland guayule 
farming pos s ible on marginal 
soi l s ?  

Science. and Technology Capabil i ty 

1 .  Does SAIG have the capabi lity to 
design a research plan to achieve 
industrial and agricultural goals ?  

2 .  Will univers ities and research 
centers be willing to participate 
in SAIG research p lans ? 

3 .  Does SAIG have the des ire and 
capability to internally es tab
lish and carryout these research 
p lans ? 

O .  National Economic and Indus trial 
Development 

1 .  How does SAIG compare to o ther 
options for development in 
Mexico? 

2 .  How does the cos t  o f  SAIG com
pare with the benefits o f  
domestic guayule rubber produc
tion (e . g .  equipment imports ) ?  

PARTIES-AT-LARGE 

Research institutions 

SSA; SARH ; local residents 

1. SARH ; CONAZA ; resi
dents ; involved indus
tries 

2 .  CIQA , CONAZA 

3.  SARH 

Univers i ti es ; research 
centers 

CONAZA , CIQA, CONACYT , 
rubber indus try 

All agencies involve d ,  
res idents , Mexican gov
ernment, Mexican and U . S .  
rubber companies 

1 .  Federal government 
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EXISTING 
POLICY INSTRUMENTS 
AND STUDIES 

1 .  None 

2 .  Comparable experience with 
traditional crops in arid 
Mexico and United States 

National Hydraulic Plan 

1 .  Incomplete data; (SARH 
s tudies ( Programa de Acuari o )  

2 .  CONAZA, CIQA studies of small 
s cale project ; SARH ; Soil and 
W ater Conservation Law 

3 .  None 

INIA , INIF 

None 

National Development Plan ; National 
Agroindustrial Development Plan; 
National Industrial Development 
Plan ; Development Program for Agri
culture and Fores try 



Table VII-3 ( continued) 

POLICY ANALYSIS - GUAYULE FARMING 
SCENARIO B 

ISSUES AND CRITICAL QUESTIONS 

P .  National Rubber Plan 

1 .  I s  i t  essential for Mexico to 
increase its domes tic rubber 
supply ? 

2 .  Should Mexico depend on foreign 
sources for much or all of its 
natural rubber? 

3 .  Does the l ack o f  a national 
rubber policy hamper guayule 
or hevea commercialization? 

Q .  Competition with Food Production 

l .  Will SAIG compete for labor and 
other resources that would sup-
port food production? 

2 .  Wil l  SAIG compete for land with 
food increase pro j ects ? 

R.  United States Interes t  in Mexican 
Guayule Commercialization 

1 .  Will SAIG promote scienti fic and 
technological exchange? 

2 .  What interest do U . S .  based multi
national co rporations have in 
Mexican guayule? 

3 .  Does the u . S .  Department o f  
Defense view Mexican guayule 
as a source of strategic 
material ? 

PARTIES-AT-LARGE 

1 .  Federal government 

2 .  Federal government; 
hevea suppliers 

3 .  ? 

SAM ; SARH; CONASUPO , 
SAHOP 

1 .  Mexican and U . S .  
governments ; CONACYT ; 
NSF 

2 .  Mexican government 
multi-national corpo
rations ; SRA ; SEPAFIN 

3. Mexican government ; U . S .  
OOD 
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None 

EXISTING 
POLICY INSTRUMENTS 
AND STUDIES 

Price guarantees and food 
subsidies ( CONASUPO) 
1 .  SAM 

Federal Register for the Trans
fer of Technology 

1 .  Binational agreements on 
science and technology 

2 .  Agrarian Re form Law ; 
Industrial Property Law 
( Ley de Propiadad Industria l )  



Table VII-4 

POLICY NEEDS AND POTENTIAL POLICY CONFLICTS 
SCENARIO B 

A. Economic Feas ibil i ty 

Con fli cts regarding devaluation and 
exchange related to the price of im
ported natural rubbe r .  

Confl icts between international rubber 
s tockpil ing policies and internal Mex
ican rubber pricing policie s .  

Need for national rubber plan that 
addresses rubber pri ces , subs idies , 
taxes on domes tic and imported rub
ber and di fferences in production 
costs of hevea, guayul e ,  and synthet
ic rubber . 

Need for coordination of financing 
for production and process ing sec
tors . 

B. Regional Economic Development 

Confli cts between price guarantees 
for guayule and food cropS . 

Need to consider pol i cies regulating 
minimum wage for industrial work out
side urban areas and minimum wage for 
non-indus trial work . Need for indus
trial wages in rural areas . 

Confl icts between guayule production 
and processing wage poli cies . 

pos s ible need for regi onal planning to 
govern conflicts for guayule develop
ment among states /regions . 

C .  Dis tribution o f  Benefits 

Conflicts between national guayule 
rubber development pol i ci es and 
regional pol i c ies for deve lopment 
and s ocial programs such as 
COP LAMAR. 

Need for profit dis tribution poli cy 
to apply to agricultural and proc
ess ing se ctors in the guayule devel
opmen t program. 

D .  Structure and Capab i l i ty of Guayul e Organiza
tion 

Pres idential decree needed to establish 
SAIG. 

In the absence of SAI G ,  conflicts 
between policies for agricultural 
and industrial devel opment .  
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E .  Ins ti tutional Confl i c ts/Coordination 

Conflicts between planning pol i cies 
at di fferent governmental l evel s  
e . g .  COP LADES vs . National Rubber 
Plan . 

F .  Integration of SAIG with other Renewable 
Natural Resource Activities 

Con flicts between guayule development 
pol icies and exis ting rangeland improve
ment poli cies . 

Conflicts between guayule development 
poli cies and ixtle and cande l l i a  poli
cies . 

G .  Land Tenure 

Conflict between pol i cy expressed by 
the LFA and the Agrarian Reform Law 
express ing the traditional s upport 
for agrarian ideal s .  

Poss ible need to enforce the intent 
of the LFA to i ncrease production 
with'out abandoning the ideals of 
agrarian reform . 

H. Migration , Manpower ,  and Employment 

possible need to adapt COPLAMAR employ
ment pol icies to the new pol i cies cre
ated by SAI G .  

I .  The Role o f  Labor Organizations 

Confl i cts may develop among labor 
organizations for pol i ti cal control 
of guayule labor groups . 

J .  Infrastructure Development 

K. 

Poss ible competi tion among agencies 
with existing development programs 
l ike PIDER ( Proj ects for Development 
in Rural Areas ) , and SAIG for funds 
and authority to operated in the rural 
area . 

Environmental Pollution 

Need to enforce existing laws con
cerning environmental pol lution . 

L .  Ecological Concerns 

Need to address deserti fi cation . 
(Poli cies emerging from IPES [ I ns ti

tute for Pol iti cal , Social , Economic 
Studi es ) to de fine ecological protec
tion of Mexico ' s  natural resources 
may meet this need . )  



Table VII-4 ( continued) 

POLICY NEEDS AND POTENTIAL POLICY CONFLICTS 
SCENARIO B 

M. Management of Soil and Water Resources 

Need to integrate management of SAIG 
agricu�ture with policies of SARH and SAHOP 
to limit water use and define permissible 
uses in the reg ional water districts. 

N .  Science and Technology Capability 

Need for a research and deve lopment policy 
that includes INIA, INIF , CIQA , and regional 
univers itie s .  

O .  National Economic and Industrial Development 

Same confli cts and policy needs as for 
Regional Economic Development ( B ) . 

P .  National Rubber Plan 

Need for a national rubber plan . 
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Q . Competition with Food Production 

Possible conflict of SAIG policies pro
moting guayule rubber production and 
SAM policies and other policies that 
support food production through price 
s upports and indirect subsidies of 
agricultural production supplies . 

R. United States Interest in Mexican 
Guayule Commercialization 

Possible policy conflicts in Mexico due 
to des ires or perceived des ires of 
multi-national corporations to 
inve s t  in guayule rubber production, 
and concern that the United States 
Department of Defense will wish to 
acquire Mexican guayule rubber .  



3 .  General pol icy summary of scenar ios : Table VII-5 summar i zes 

gene ral pol icy impl ications for both scenar ios . The scenar ios are 

compared in economic , social , political , envi ronmenta l ,  and research and 

development levels . Because the pol it ical and insti tutional part ies-at

interest are s iml lar in the two scenar ios , it is  impor tant to distingui sh 

between the levels of involvement of ma in insti tutional actor s .  Table 

VII-6 summar i zes the intens ity of pol i tical and institut ional involvement 

for both scenar ios at the national , reg ional and local levels . 

c .  Pol icy and Organi zat ional Structure 

One of the central issues that emerged from the policy analys is  of 

guayule commercializat ion in Mexico is the organi zational structure of 

SAIG . There are many opt ions , and each combination of management 

elements has de f in ite advantages and restr ictions . The optimum 

organi zational structure for SAIG in Scenar io A i s  not necessar ily the 

opt imum for Scenar io B .  

The trans-sector ial character of SAIG requires dec i s ions in  

des igning the elements of  its organ i zat ion that have impor tant policy 

impl ications . The des ign should reduce the r isk of agroindustry failure 

through organ izational control wh ich assures that the following c r i t ical 

goals will be atta ined : 

• t imely del ivery of shrub in spi te of many uncertainties , i . e .  

shrub pr ice , cl imat ic d i saster s ,  pol it ical support;  

• ach ievement of  annual product ion goals and long-term product ion 

objectives ; 

• ma intenance of a cash/or credit  pos i tion to prov ide adequate 

operat ions funds to cover large seasonal expenses ; 

• development of the capac i ty to incorporate and di ffuse 

technolog ical advances that raise productivity and assure 

resource sustainability ;  

• permanent follow-up o f  the pol itical , social , and economic goals . 

Thi s  includes  a review of the goals themselves as well as  

measurement of  progress toward ach ieving them . 
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LEVEL 

ECONOMIC 

SOCIAL 

POLITICAL 

Table VII-5 

COMPARISON OF SCENARIO A AND B 
POLICY IMPLICATIONS 

SCENARIO A 

Economic aspects are fundamentally region
al , inc luded within the e conomic deve lop
ment policies for marginal regions . Eco
nomic obj ectives generate income and 
increase regional output through produ
ction of small quanti ties of rubber 
( 5 , 000 tons per year ) . Policies include 

occasional subsidy . SPP , CONAZA , and 
other dependencies such as COPLAMAR will 
be key agencies . 

Strong s ocial orientation seeks to in
crease employment,  raise income , canal
ize direct benefits , promote indirect 
social benefits , and promote organiza
tional capacity to innovate and plan , 
especial ly refores tation , transporta
tion organization and harvesting . 
Could be an element of a more complete 
regional development plan where 
guayule exploitation initiates a chain 
of actions to generate income and em
ployment and attracts investment . 
Important roles for COPLAMAR, CONAZA , 
CONASUPO,  IMSS.  

Probable development of guasi-govern
mental organization with integral 
control over supply , process ing and 
dis tribution . Predominant influence 
of existing local poli tical organiza
tions could inhibit transfer of pol i t
ical controls and diffusion of innova
tion needed to increase and maintain 
productivity ; many policy interactions 
with ins turnents such as the Agricul
ture Promotion Law are unclear . 
Need : policy clearly defining insti
tutional roles , and instruments to 
promote organizational innovations 
and renewable resources policies . 
Important roles for the Pres ident , 
State Planning Committees , state 
governors , SPP . At the regional. 
leve l , CONAZA , FONCAN , SRA . SARH , 
CNC/PRI will be importan t ,  as we l l  
as peasant organizations ( CNC/PRI) 
and opposi tion parties . 
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SCENARIO B 

Economic aspects are fundamentally nation
al , immersed in the national policy for 
natural rubber supply . Seeks regional 
e conomic specialization through cultiva
tion of guayule and l arge-scale production 
of significant quantities of natural rub
ber ( 5 0 , 000 tons per year ) . Includes 
national price and tax policies , forma
tion and implementation of a National 
Rubber Policy concerning guayule , hevea 
and synthetic polyisoprenes . Roles of 
SEPAFIN , SPP , Banrural and SARH w i l l  be 
important at this leve l 

Profound changes and innovation throughout 
the scenario : gradual increase in mecha
nization and technical sophistication in 
cultivation and industrial proces sing . 
Need social organization in productive 
units with consequent s ocial constraints . 
Promotes larger rural settlements and 
increases internal and external migration . 
Need for clear and well-coordinated public 
s ervice policies , especially health and 
regulation of commerce . Important roles 
for the same general actors in Scenario A. 

Close links with national poli cies , 
espe cially industrial development and 
commerce ; eventually tied to potential 
changes in federal policy toward trans
national rubber companies . Serious con
flic ts among guayule , live s tock , and 
food crop-producing actors and policies 
supporting them . Definite displacement 
of political organizations ' renewable 
resources activities . Need for a clear 
policy framework for agro-industry and 
intensi fi cation of highly technical pro
ductive uni ts . Most active participants : 
the Pres ident , industrial deve lopment 
groups , SEPAFIN , SPP ( including COPLADES ) ,  
SARH , Chamber of Rubber Producers and 
Consumers , SECOM , SRA , SAM , FIDHULE , 
labor unions (CTM and other s ) , peasant 
organizations ( CNC) , and small property 
owners ( CNPP ) . 



LEVEL 

ENVIRON
MENTAL 

RESEARCH 
AND 

DEVELOP
MENT 

Table VII-5 ( continued) 

COMPARISON OF SCENARIO A AND B 
POLICY IMPLICATIONS 

SC;ENARIO A 

Strict organization control required to 
reduce ecological risk of defores tation 
and to assure res ource s us tainabil i ty . 
Need 7-10 year plan; without replanting 
programs , resource economic availability 
will diminish . The requirements greatly 
limit the type of organization and sys
tem required.  Need : integrated exploita
tion sys tem for the pr incipal economic 
activities (plant, harves t ,  lives tock 
heading , farming ) ; monitoring and con
trol of process ing wastes . Important 
actors : guayule organizations , FONCAN , 
La Forestal , ej iditarios , small land 
owners , SARH , SSA , environmental re
search institutes and research centers . 

Neede d :  s tudies oriented toward opti
mizing harve s ts to assure sus tainable 
yields ; monitoring guayule populations ; 
refores tation plans . Management over
s ight to coordinate s ectors of guayule 
production , proces sing ,  and transpor
tation will be important . Scenario A 
project s i ze wi ll permit internal 
R & D ; this to be conducted by exist
ing research centers . Principle 
research organizations involved will 
include CONAZA , CONACYT , CIQA, INIF , 
and SPP . 
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SCENARIO B 

Scenario initiation through wilds tand 
exploitation requires a policy of resource 
maintenance via revegetatio n .  Proposed 
guayule farming activities require s tudies 
of erosion control methods , s ince clearing 
thousands of hectares of erosion- suscep
tible land is envisioned. Policies and 
p l ans for land clearing , erosion control ,  
and combating des ertification should fol
low these s tudies . Needed policies in
c lude controls of water use and pollution 
associated with guayule farming and proc
ess ing . Planning policies will be re
quired for nursery es tablishment and 
maintenance of genetic diversity . Im
portant roles for the same actors as in 
Scenario A ,  but with greater involvement 
of research institutions 

Intensive research programs in nursery 
irrigation and dryland cultivation ; 
genetic improvement ; use of bioregulators ; 
machinery development ;  and innovative p l ans 
for increasing guayule product to be es tab
lished . Industrial process innovation 
will require research , especially in 
optimization of material and water use;  
utilization of waste s ;  and identifying 
uses and markets for res in products . 
Scenario ' s  magnitude will require inten
s ive R & D  efforts through es tablishment 
of professional research units concentra
ting on guayule agronomics ,  cost reduc
tions , optimi zation of soil and water use .  
Neede d :  long-term plan with fixed goals ; 
participation of institutions speciali zing 
in various aspects of guayule development . 
Principle agencies and research organiza
tions should include CONAZA , CONACYT , 
CIQA, SARH , INIA, CIANOC and SPP . 



TABLE VI I-6 

INTENSITY OF POLITICAL AND INSTITUTIONAL INVOLVEMENT 
NEEDED TO ACH IEVE GOALS OF GUAYULE COMMERCIALIZATION SCENARIOS 

INTENSITY OF INVOLVMENT 
IN SCENARIO 

NATIONAL LEVEL 

National Policy for Strategic Mater ials 
(Non-ex i s tent) 

Development in a r id zones 

National Plan for Agroindustr ial Development 

National Plan for Industr ial Development 
( projections to 1990) 

Natural rubber policy FIDHULE 

Agr icultural Promotion Law (LFA) (1981 ) 

Food policy (e spec ially the Mex ican Food 
system ( SAM» 

Anti-dese r t i f ication program ( i n  deSign) 

Employment policy (especially through COPLAMAR) 

REGIONAL LEVEL 

Decentral ization of planning through the es tab
l i shment of state Committees (COPLADES )  

Food policy (managed by the Mini stry for 
Agr iculture & Hydraulic Resources and the 
Mexican Food System) 

Industr ial development (mining plans and the 
Sal t i llo Industrial Cor r idor )  

Human Settlement Policy 

Renewable resources forestry policy (carr ied 
out by La Forestal and FONCAN ) 

Policy to aid marginal groups (COPLAMAR 
agreements )  

LOCAL LEVEL 

S trengthen i ng municipal i tie.s 

Policy for groundwa ter use 

So i l  Conservation Pol icy 
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A 

none 

high 

low 

none 

low 

moderate 

low 

moderate 

moderate 

moderate 

moderate 

moderate 

moderate 

high 

high 

moderate 

low 

low 

B 

high 

moderate 

high 

high 

high 

high 

moderate 

moderate 

low 

high 

h igh 

high 

moderate 

low 

low. 

moderate 

high 

high 



A workable relationship between the par t icipat ing organi zat ions is  

c ri t ical for effective functioning of SAIG . Figure VI I-2 summa r i zes some 

of the structural opt ions for SAIG . The f igure arranges each of the 

elements of the three sectors of the productive chain along a continuum . 

On th i s  scale organ izat ional r i sk increases toward the top and 

organi zat ional control increases toward the bottom . This  arrangement 

assumes that increased central i zed organ izational control tends to 

decrease the r i sk of system fa ilure : howeve r ,  high levels of organization 

may inhibit the flow of bene f i ts or direct them away from those groups 

targeted as pr imary beneficiar ies of the guayule development program .  

The optimum mix o f  management elements strikes a balance between 

involvement of participants at the lowest organ izational level and str ict 

sys tem control . 

In  thi s  arrangement a central planning body ( SAIG) has the ult imate 

author i ty to set policies , long-te rm plans , and annual production goals . 

I t  cons ists of representatives  of the three sectors in the product ive 

cha in as well as the consume r ( the rubber industry) and state planning 

agenc ies (COPLADES) .  The cho ice of the ope rational un it  within each of 

the three sectors should be based on a plan to assure : 

o efficient operat ion within the sector 

o the ability to help set reasonable operat ional goals 

o capability to incorpor ate innovat ion 

o organ izat ional capability of integrating production , proce ssing 

and di str ibutuion . 

Each element should pursue a clear pol icy of provid ing benef i ts (profits , 

employment , etc . )  that were es tabl ished as goals in the initial plans for 

SAIG . In  add i tion , select ion of compatible levels of organization acros s 

the product ion , process ing , and distr ibut ion sectors is cr i tical . Th i s  

structural organizat ion schema is  des igned to show relat ionships among 

sector s ,  as well as poss ible choices within sectors . 

Two opt ions for organizat ional structure of SAIG are shown in Figure 

VI I -3 . These appear to prov ide a good balance be tween r i sk and r igid 

control . A middle pathway i s  chosen for all three sectors in Scenar io A .  

In Scena r io B a highe r level o f  organi zational control is  selected for 
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Researc h 

C O PLADES Processing & 
Development 

Pro d u c t i o n  Distribution 
Rubber 

Industry 

r , 

�, 

SAIG 

+ 
Productive Chain for Guayule Agrolndustrlal System 

Production Processing Distribution -
0 

t "--c: 
Coop eratives of 0 

Ej idos Private u O>� ejidos and/or c: CIJ and smallholders c ompanies � .Ci5 .;:: smal lholders c: 
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(I) � 0> .-

Quasi- c: -"- c: .- � u o 
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Figure V I I-2. Some Options for SAIG Organizational Structure . 
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process ing and d i str ibution . The alternat ives are not offered as the 

only recommended mix of organi zational elements .  They are options that 

should serve as a guide for elaborat ion of policies that will pe rmi t 

rat ional management of the resource as well as promotion of a bette r 

l ivel ihood for res idents and future res idents of the guayule region : 

D .  Conclus ions on Guayule and the TA Process 

The publ ication of thi s  study in Mexico and the Uni ted Sttes 

publicly mar ks the completion of the first  technology assessment jointly 

funded by the Nat ional Science Foundat ion and the Nat ional Counci l  on 

Sc ience and Technology (CONACYT) .  It is  thought to be the f i r s t  TA 

conducted in Mexico . Thi s  asses sment follows a TA conducted in  the 

United States on a s imilar topic . The work  on these studies has been 

enl ightening to all the par ticipants . Drawing on these exper iences , we 

would l ike to relate a few ins ights and observations on this technology 

assessment and on TAs in Mex ico . 

• Mexican guayule development di ffers  from U . S .  development : 

recent efforts in  Mex ico aim at soc ial improvement � efforts i n  

the U . S .  center o n  economic and strateg ic cons iderations . 

• In e i ther scena r io SAIG could be an important proj ect with 

impacts on a reg ional and national leve l .  The nece ssary 

capabili  ties for carrying out technolog ical innovation proj ects 

in a r id reg ions can be achieved with adequate planning and 

organ i zation . 

• A successful agroindustrial system, whatever the scenar io,  will 

require integ rated long-term planning based on appropr iate 

dec i s ions by the Pres ident of the Republic and governors of the 

affected states . 

• SAIG cannot proceed at the margin of the political process . A 

nat ional policy for planning of renewable resource exploitation 

is essential.  It  should focus on resource sustainab i l i ty and 

soc i a l ,  economic , envi ronmental ,  and political cr ite r ia to 

achieve i t .  wi thout integrated planning , exi sting conflicts and 

entrenched poli tical and administrative habits will hinde r 

innovations in resource use . 
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• I t  is  poss ible to initiate planning for SAIG , but most agenc ies 

do not now have the methodolog ical and organ i zational ski lls to 

complete the planning . 

On the TA proces s  in Mexico : 

One of the most difficult problems encounte red in regional and 

national development is the transfer of technology from the research and 

development stage , or from outs ide of the Mex ican context , to the 

implementation s tage . Thi s  requi res actions pr imar ily by governmental 

agencies and pr ivate entrepreneur s .  Technology assessment can be one of 

the most effective tools for catalyzing th is  trans it ion , especially when 

the TA involves government and pr ivate actor s .  

• Mex ico ' s  need for technology assessment may di ffer substantially 

from the United State s ' need . Scient ists in Mexico envis ion TA 

as a tool in planning and promotion of technolog ical development , 

and in program implementation . In the United States , publ ic  

sector agenc ies conduct most TAs , generally to  avoid deleter ious 

effects resulting from technolog ies with potent ially large 

impacts . 

• Integrating TAs into the planning process can support effect ive 

planning . An evaluation of state and nat ional legislat ion i s  

recommended to gradually incorporate assessment techniques into 

medium range planning , espec ially in ecological and environmental 

evaluat ion for ar id lands projects . Thi s  would requi re the 

creation of sui table groups to study development is sues in ar id 

zones and develop pr ior ity l i sts . 

• The process of conducting th is  TA has made it  possible to 

initiate train ing in technology assessment . 

• Technology assessment can be one of the most effective means of 

informing local res idents about a developing technology tha t 

might s igni f icantly affect them. They can par tic ipate di rectly 

at the s tart of the planning process . 
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• Th is  study of guayule commerciali za t ion has revealed numerous 

confl icts and problems , many of wh ich ar ise from inexper ience and 

exist ing institutional def ic iencies . These have frequently 

impeded integrated plann ing . 

• Proj ect schedul ing in cooperat ive international TAs should be 

very flexible . National poli t ical and economic constraints can 

d i ffe r greatly for the research teams , necessitating unilateral 

changes in .the init ially agreed upon schedule . 
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APPENDIX A 

AGENCIES PARTICIPATING IN PUBL IC WORKSHOPS 

Bureau of Geography and 
Nat ional Ter r itory 

CONAZA (Mexico) 

CONAZA (Salt i llo ) 

COPLAMAR (Salti llo ) 

CONAFRUT (Mexico) 

FIDHULE , FONCAN (Mex ico) 

Nat ional Commission for Agroindustrial 
Development (Mexico) 

SARH 

SPP 

Agroindustr ial Development 
(Mex ico) 
( Salti llo) 
( Zacatecas) 

Ecology and Envi ronmental 
Protec tion (Mexico) 

I r r igation Distr icts (Mexico) 
CIFNE 
INIA 
INIF 

Coahu ila 
Zacatecas 
Mexico 
Economic branch 

SRA ( Zaca tecas ) 

Governor ' s  Office 

Mayors in Zacatecas 
El Salvador 
Mazapil 
Concepc ion de l Oro 
Melchor Ocampo 

Autonomous Un ive r s i ty Zaca tecas 

Autonomous Agrar ian Un ivers ity 

Antonio Narro 

FIRST 

3 

2 

1 

1 

1 

2 
2 
1 

1 
3 
1 
1 

1 
1 
2 
2 

1 

1 
1 
1 

2 

3 
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SECOND 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 
2 

1 

1 

1 
1 
1 
1 

3 

1 

TH IRD 

1 

1 

1 

1 

1 

1 
1 

3 

3 

1 

1 

1 
1 
1 
1 
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APPENDIX B 

BENEFITS OF UNITED STATES-MEXICO COOPERATIVE RESEARCH 

ON GUAYULE COMMERCIALI ZATION 

The process of developing this technology as sessment and its  

succe ssful comple tion have been wide ly benef icial . The TA i s  fulfill ing 

i ts main purpose , to improve our understanding of guayule deve lopment and 

commercialization, and use of the document in Mexico and the Uni ted States  

will  fur ther advance thi s  process . 

A growing unde rstanding of the process began with the per sonal 

involvement in Mexico of many scientists and local , reg ional , and federal 

planners and dec i s ion-makers . The project has continued the consultation 

and col laboration of CIQA and OALS on guayule commerciali zation and 

regional planning for natural resource development . Staff of the two 

insti tutions have worked together s ince 1977 and will continue the 

relat ionship in future proj ects . 

The . per sonal contacts and interact ions dur ing the study and the 

development and use of systems analys is  methods have helped penetrate the 

commun ication haze that h is tor ically has separated scienti sts from 

planners and policy-makers . It  has brought about a greater awareness of 

the tasks each group must .  accompl ish to have a successful program and of 

the role each has in reg ional development planning . 

One may identi fy several groups that have bene fi tted di rectly from 

this TA : 

• planning and development funding agenc ies that use the TA 

• the insti tutions and scient i sts that partic ipated 

• agencies that funded the TA 

• scienti fic commun ities involved with guayule development and ar id 

land resource deve lopment in Mexico and the United States 
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Suggest ions for future binat ional cooperative research projects : 

• A research schedule with milestones and comple tion dates should 

be establi shed by mutual agreement and with a clear understanding 

that 'project schedules may be altered by one or both research 

groups in response to economic and political s i tuat ions in 

sponsor ing institut ions or countries . Therefore open 

communication and a flexi ble schedule is an absolute necess i ty .  

I t  may be poss ible to avoid problems of the two teams working at 

dif ferent schedules if fund ing for the entire project comes from 

one source . 

• Perhaps the best way to improve communicat ion and ma intain a high 

leve l of coordinationwould be to exchange scientists for the 

duration of the project .  Several funding agenc ies support 

programs to br ing promis ing scientists to u . S .  insti tutions . 

Fundi ng to send a u . S .  scientist to a cooperating country i s  more 

diff icult to arrange and may have to be partially cove red in the 

i nitial project grant . 

• I t  i s  important to involve reg ional experts . and planners  to 

cons ider projects of reg ional scale . Less than satis factory 

results can be expected by trying to solve reg ional problems by 

work ing sole ly with centr alized planners and pol icy makers . 

• Publ ic meetings can be an important part  of an impact evaluat ion 

process ; however ,  to get the most from such meetings , espec ially 

where there i s  a ser ies of meetings in one project , the TA teams 

should evaluate the format and conduct of the public mee tings . 

The i r  evaluation should include an evaluation by the par ticipants 

and thei r  perception of the ir  role in the dec is ionmaking proces s .  

• Whenever poss ible insti tutions about to beg in a cooperative 

research project should di scuss the process , its di fficulties and 

benefits , with an exper ienced inves tigator . 
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APPENDIX C 

GLOSSARY OF MEXICAN AGENC IES , INSTITUTIONS , AND TERMS 

Agencies and I n s t i t u t ions 

BANRURAL Nat ional Ru ral Cred i t  Bank 

CCI I�dependent Farme r s  Confederat ion 

CFE Federal Elect r i f ication Commiss ion 

C IDER Ru ral Development Research Ce nter 

C IQA Applied Chem i s t ry Research Center 

CNC National Peasants Confederation 

CONACYT Nat ional Council for Science and Technology 

CONAFRUT National Commiss ion for Fr u i t  Product ion 

CONASUPO Nat ional Company for P r ice Support of Staples 

CONAZA National Commiss ion for A r id Zones 

COP LAMAR Gene ral Coordination for the National plan 
for Depressed Zones and Ma r g i na l  Groups 

COP LADES State planning g roups 

CTM Mexican Workers Confederation 

FIDHULE Mexican Rubber Agency 

FONCAN Agency for cande l i l la promotion 
FORESTAL, FCL , La Coope rat ive Fo restry Association 

IMSS Mexican Insti tute for Soc ial Secu r i ty 

I N I A  National Insti tute for Ag r icultu ral Research 

INIF National Insti tute for Forestry Re search 

INFONAVIT National Insti t u te for Funding Housing 
for Employees 

PEMEX Mexican pet roleum Company 

PIDER Program for Investment in Ru ral Development 

PRI Institut ional Revolut ional Par ty 

SAIG Guayule Agroindus t r ia l  System 

SAHOP Ministry of Human Sett lements and Public 
Wor k s  

SAM Mexican Food System 

SARH Ministry of Ag r iculture and Hyd raulic 

SEP 

SEPAFIN 

SECOM 

SCT 

Hacienda 

SPP 

SM 

SRE 

SSA 

STPS 

UAe 

UAAAN 

Resources 

Ministry of Public Education 

Ministry of National Property and 
Industrial Promotion 

Min i s t ry of Comme rce 

Minis try o f  Commun icat ions and Transpo r t  

Ministry of Finance 

Mini stry of prog r amming and Budget 

Ministry of Ag r a r ian Reform 

Ministry of Foreign Relations 

M i n i s t ry of Hea l th and we l fare 

M i n i stry of Labor and Soc i a l  we l fa re 

Au tonomous Unive r s i ty of Chapingo 

Antonio Na r ro Au tonomous U n ive r s i ty a t  
Coahu i la 
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Banco Nacional de C r ed i to Ru ral 

Confede racion de Campesina I�epend iente 

Com i s ion Federal de Elecrticidad 

Cent ro de I nvest igacion in Desarollo Ru ral 

Cen tro de I nvest igacion en Quimica Apl icada , 
Saltillo, Coha u i la 

Confederacion Nacional Campes i na 

Consejo Nacional de Ciencia y Tecnolog ia 

Comision Nacional de Frut icultura 

Compania Nacional de Susistencias populares 

Comi sion Nacional de Zonas Aridas 

Coordination General del plan Nacional de 
Zonas Deprimas y G r upos Ma r g inados 

Com i te s  Promotores del Des a r ro l lo Estatal 

Confederacion de Trabajadores de Mexico 

Fideicomiso del Hule 

Fideicomiso para e l  Fondo Cande l i l le ro 
Fo resta l ,  Federacion de Coope r a t ivas Limi tades 

I n s t i t u to Mexicano del Seguro Soc ial 

I n s t i tu to Nacional· de Investigaciones Ag r i colas 

I n s t i tuto Nacional de Invest igaciones For e stales 

Instituto del Fondo Nacional para la Vivienda 
de los Trabajadores 

Pet roleos Mexicanos 

Prog r amas de Inve r s ion en Desa r ro l lo Ru r a l  

Pa r t ido Revolutiona r io I n s t i tucional 

S i s tema Agroindustr ial Guayule 

Secretaria de Asentamientos Humanos y Obr a s  
Publicas 

Sistema Al imentario Mexicano 

Secretaria de Ag r icultura y Recursos 
Hidraul icos 

Secretaria de Educacion Publica 

Secreta r ia de Patr imonio y Fomento I nd u s t r ial 

Secretaria de Come rcio 

Secretaria de Comun icaciones y Transportes 

Secreta r i a  de Hacienda y Credito Publ i co 

Secr eta r i a  de prog ramacion y Presupuesto 

Secretaria de la Re forma Ag r a r i a  

Secreta r i a  de Relaciones Exte r iores 

Secreta r i a  de Salubr idad y As i s tencia 

Secre taria del Trabajo y Previs ion Soc i a l  

Unive rsidad Au tonoma d e  Chapingo 

Unive r sidad Au tonoma Ag rar i a  Antonio Na r ro 
de Coah u i la 



candel i lla 

e j ido 

e j idatar io 

ixtle 

lechugu i l la 

municipio 

Eupho rbia a n t i syph i l i t ica - sour ce o f  hard wax . 

Group of peasants ( campe s inos) which has r eceived lands under Mexican ag r a r ian law : 
the lands g iven under t h i s  law . 

An e j ido membe r .  

1i be r  f rom lechug u i lla , Yucca carne rosona and some other Yucca and Agave spec i e s . 

Agave lechugu i lla - source o f  f ibe r i n  ixtle indus t r y .  

Mu n icipa l i ty equivalent t o  a county. 
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To save space , several agencies are refer red to by the i r  acronyms . The 
full names of these agencies are l i s ted below . 

CIDER 
CIQA 
CONACYT 
CONAZA 
INIF 

Centro de Investigaciones del Desarrollo Rural 
Centro de Investigac ion en Qu imica Apl icada 
Consejo Nacional de Ciencia  y Tecnolog ia 
Comis ion Nac ional de las Zonas Ar idas 
Instituto Nacional de Investigaciones Forestale s 
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