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ABSTRACT 

Guayule fParthenium araentatum Gray), a semidesert shrub 

was evaluated as a potential rubber crop. Since polyploid 

guayule reproduces by apoitiixis, progeny of individual plants 

should duplicate the characteristics of their parent. This 

study was conducted to estimate variations within and among 

progeny families from single-plant selections. Ten progeny 

per family were individually evaluated for plant height, 

width, fresh and dry weight of clipped branches, rubber and 

resin content, and yield. Leaves of selected plants were 

analyzed by gradient polyacrylamide gel electrophoresis for 

esterase and peroxidase to estimate genetic relatedness 

between parents and progenies. Negative correlation was 

between parents and progenies for most characters, but none 

were statistically significant from zero. This suggests a low 

heritability for the characters measured. Esterase and 

peroxidase detected variation in banding between parents and 

progenies and among progenies. This study suggested that out

crossing and meiotic reduction have occurred among apomictic 

guayule lines. 
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INTRODUCTION 

Guayule fParthenium araentatum Gray) is a member of the 

Asteraceae family, and is the only plant, besides the rubber 

tree Hevea braziliensis. to be utilized as a source of natural 

rubber on a commercial scale. Guayule is currently under 

domestication, and breeding programs are under way to improve 

rubber yield and quality. Plant breeding has, and will 

continue to be, one of the most effective methods of 

increasing guayule productivity and quality. Varietal 

improvement of guayule, like many other crops, relies upon the 

propagation of superior strains of plants. 

Estilai and Ray (1991) suggested that a number of traits 

need to be modified before guayule can become a commercial 

crop. To accomplish this, genetic variability must exist and 

must be identifiable. In guayule, variability in yield 

components that has been observed is probably due to its 

complex reproductive biology (Ray et al., 1990). Reproduction 

in guayule occurs predominantly by amphimixis in diploid 

plants and by facultative apomixis, asexual reproduction by 

seed, in polyploid plants (Powers and Rollins, 1945; Thompson 

and Ray, 1988) . It appears that understanding and controlling 

the mechanism of apomixis might be the key to exploiting the 

extant genetic variation in guayule. 
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As Estilai and Ray (1991) stated, without adequate 

genetic variation for desired characteristics, little progress 

can be made in easily improving guayule beyond its wild state. 

Genetic variation is a resource in that it is the raw material 

for future advances through plant breeding, and for 

maintaining agricultural productivity (Brown and Clegg, 1983) . 

For some guayule lines, variation for agronomic characters 

among and between lines, and the relationship of morphological 

variables to rubber production, have been reported (Dierig et 

al., 1989ab). 

Isozyme polymorphism, on the other hand, has been used 

successfully to demonstrate genetic variation in many plant 

species (MacDbnald and Brewbaker, 1972; Brown, 1978; Johnson, 

1978, 1979; Nielsen, 1985). Gel electrophoresis is considered 

a relatively inexpensive and effective method for separating 

and visualizing isozymes of proteins. Observations of 

agronomic characters and isozyme patterns were used in this 

study to estimate genetic and environmental variability in 

apomictic guayule. The hypothesis under which this study was 

conducted was that guayule reproduces apomictically, thus 

progeny of an individual plant should duplicate all the 

characteristics of the parent plant. In addition, by 

correlating rubber yield and the yield components of the 

parents and progeny we can estimate the heritability of these 

traits. 
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Need for the study 

It has been recognized that guayule is a promising 

alternative source of natural rubber since its rubber is 

essentially identical to that from Hevea brasiliensis 

(Thompson and Ray, 1988) . In addition, guayule plants produce 

large quantities of resin, and other potentially useful by

products like wax, cork, fiber, and bagasse (Wright et al., 

1991). 

One third of the total rubber currently consumed 

worldwide is supplied by natural rubber (Thompson and Ray, 

1988). It is preferred to synthetic rubber because it has 

higher elasticity, higher resiliency, and lower heat buildup 

which are essential in various products (Thompson and Ray, 

1988; Bonner, 1991). As a result, development of high-

yielding cultivars of guayule by plant breeding has become 

essential to increase and improve the productivity and quality 

of guayule as a future crop. 

Objective 

The main objective of this study was to estimate the 

amount of naturally arising variability among and between 

progeny of apomictic parents. In order to determine the 

amount of genetic variation that existed both within and 

between parents and their progeny lines, individual traits 
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associated with agronomic performance were measured and 

apomictic guayule lines were examined for their isozyme 

phenotypes. 

Previous Research 

Gerstel and Mishanec (1950) investigated and analyzed the 

inheritance of apomixis in tetraploid guayule, and 

considerable variation was found in facultative apomictic 

populations. The development of polyploidy is a mechanism 

resulting in the multiplication of the number of genes in the 

genome, thus they speculated that two doses of genes for 

apomixis were dominant over one dose for sexuality, whereas in 

F1 plants with equal .doses of genes for apomixis and 

sexuality, sexuality was dominant. Apomixis perpetuates a 

genotype without change. If a particularly successful 

genotype is found or developed, i': will reproduce itself and 

that will be an advantage particularly if the new genotype 

could be propagated rapidly. The presence of variation among 

the progeny of individual apomictic plants has been explained 

by the presence of several forms of facultative apomixis as 

described in Table 1 (Powers, 1945; Powers and Rollins, 1945; 

and Ray et al., 1990). 



Table 1. Reproduction in guayule describing how facultative apomixis generate 
four classes of progeny (reproduced from Ray et al., 1990). 

Chromosome number Chromosome 
contributed by number in the 

Megasporogenesis Fertilization' 
female2 

gametes 

Megaspore 
mother cell 

Fertilization •36 

Reduction} 

~on-
fertilization •36 

X 

X 

Fertilization __.72 X 
Non- J -
Reduction~ 

Non- 72 ~ 
Fertilization -~ · 

male2 

gametes 
offspring 

36 . 72 

36 

(Tetraploid 
amphimic) 

--~-+36 

(Polyhaploid 
apomic) 

----.. 108 
(Hexaploid 
amphimic) 

---.72 
(Tetraploid 
apomic) 

1 = Meiosis is complete in pollen mother cells resulting in reduction of 

the chromosome number in the male gametophytes. 

2 = Both parents are assumed to have 4N = 72 

...... 
~ 
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Agronomic characters 

The major objectives in guayule breeding have been to 

develop varieties yielding more biomass per acire with a higher 

percentage of rubber. Biomass production is the major 

component of yield and the amount of variation in this trait 

has been of great interest (Thompson and Ray, 1988). It has 

also been reported that morphological characteristics such as 

plant height and width, fresh and dry weight of clipped 

branches, stem number, diameter and circumference, and yield 

did not provide reliable clues as to the relative amount of 

rubber contained in the plant (Thompson et al., 1988). 

Variability among single selections of guayule lines 

Results of cytological and breeding studies of guayule 

show the importance of knowing the potential sources of 

variation as well as the characteristic behavior of a specific 

population under diverse environments (Thompson and Ray, 1988; 

Estilai and Ray, 1991). Thompson et al (1988) conducted a 

study to characterize variability and degree of association of 

rubber and resin concentration and yield with plant growth 

characteristics of single plants selected from a diverse 

guayule breeding population. They found that measured rubber 

percent was not highly correlated with the plant 

characteristics, but rubber yield was highly correlated with 
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plant dry weight and other characters related to biomass 

production. In addition, they speculated that it appeared 

feasible to select for higher rubber concentration and yield, 

with strong top regrowth after clipping. 

In 1989 a series of tests were reported by Dierig et al. 

(1989ab) to measure variation that existed both within and 

among guayule lines over a two-year period, and to find 

measurable characters to aid the plant breeder in predicting 

both rubber percentage and yield. They found that there was 

significant variation for agronomic characters among and 

between guayule lines, indicating that significant progress 

from selection for both rubber percentage and yield should be 

feasible. They believed that the variability was due to 

varying degrees and combinations of apomeiosis giving a long-

term source of genetic variation. They also reported that 

among all morphological variables related to rubber production 

in guayule, dry weight had the best correlation to rubber 

yield. Rubber percentage was found not to be highly 

correlated to the measured morphological variables. 

The guayule uniform regional variety trials were 

conducted to evaluate new lines developed by the plant 

breeding programs (Ray, 1989). The results of these trials 

showed that there were significant interactions between lines 

and locations. In addition, comparison of three stability 
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measures in guayule was conducted by Gathman et al. (1992) in 

eleven locations using a total of 12 entries to identify lines 

with relatively high or low stability over a range of 

environments. The results of this study showed a negative 

correlation between stability and resin and rubber yields. 

Isozyme variability in other species have revealed 

another methodology for determining genetic variability in 

breeding populations (Brown et al. 1978; Gorman et al. 1987; 

Gottilieb, 1981; and Rick and Tanksley, 1983). Estilai et al. 

(1990) used isozyme markers to identify genetic differences 

among diploid guayule entries. In their study they evaluated 

the isozymes glumate oxalacetate transminase (GOT) , isocitrate 

dehydrogenase (IDH), malate dehydrogenase (MDH), phospho-

glucoisomerase (PGI), shikimate dehydrogenase (SKDH), and 

triosephosphate isomerase (TPI). They found that there was 

variation within entries indicating that most of the available 

diploid guayule germplasm and selections are heterogeneous. 

They suggested that isozymes may provide useful markers for 

guayule cultivar identification. Isozymes are a class of 

multiple and separable forms of enzymes occurring within the 

organism and having similar or identical catalytic activities. 

Enzymes themselves are proteins with catalytic activities and 

are considered to be the instrument of gene expression 

(Malatte et al., 1960). They are the fundamental unit in the 
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control of biological reactions, and they translate the 

information carried by the nucleic acids and are capable of 

altering the biological rate of reactions (Raven et al. 1986). 

The differences in their activity reactions and manifestations 

in one line or family are due to genetic rather than 

environmental effects. 

In this study the main interest was to determine what 

proportion of the phenotypic expression was due to genotypic 

and environmental effects. Previous studies of characters 

associated with agronomic performance detected differences 

between lineages or families, but could not discriminate 

between genetic and environmental effects (Dierig et al., 

1989ab; Thompson et al., 1988; Estilai and Ray, 1991). 

Consequently, the use of isozymes can help partition and 

determine the variation due to genetic make up. Thus, isozyme 

electrophoresis techniques were used in this study to estimate 

genetic diversity among apomictic guayule plants. 

Isozyme electrophoresis technique 

The development of isozyme technology opened the door to 

assess genetic variation in wild and domesticated plant 

populations (Brown and Clegg, 1983). Electrophoresis enables 

one to compare the migration of different enzymes separated by 

the electric field according to the size and charge of the 
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molecules and the pH of the electrophoretic buffer (Soltis et 

al. 1983). 

Choice of isozymes 

Isozymes were stained specifically so that enzyme 

variance could be detected more easily and readily. A recent 

study by Estilai et al. (1990) for the banding patterns of 

enzyme systems in diploid guayule determined the mobility of 

each isozyme for each locus. A particular enzyme may exhibit 

a relatively high degree of variation in one species and 

almost no variation in a related species (Rider and Taylor, 

1980), and may change during development and differentiation. 

The banding patterns indicate that isozymes provide useful 

genetic markers for guayule as it is an important experimental 

technique in genetics in general. 

Peroxidase and esterase are excellent enzymes to detect 

genetic differences in plant breeding (Kuhus and Fertz, 1978). 

This is true for peroxidase because of its stability during 

extraction and storage and the distinct reproducible bands 

that are typically produced (Wilkinson, 1970; Terranova, 

1981). Bands were detected by visual inspection of the gels. 

Esterase is another excellent enzyme, but it is not as stable 

as peroxidase. Esterase is visualized by a non-specific stain 

and each band represents an isozyme (Kuhus and Fertz, 1978; 
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Wendel and Weeden, 1989). With esterase, all genotypes were 

separated without depending on density comparisons (Pasteur et 

al. 1988). 

Types of electrophoresis 

A number of alternative methods employing a variety of 

supporting media have become available for isozyme analyses in 

recent years (Wilkinson 1970; Nielsen 1985; Pasteur et al. 

1988) . The main types of supporting media currently in use for 

isozyme separation are agarose, starch, and polyacrylamide 

(Soltis et al., 1983). Agar electrophoretic methods are 

simple, fast and easy, but have a limited separation and 

resolution power (Rick and Tanksley, 1983) . Starch gels give 

good separation and resolution, and the gel concentration can 

be varied to give different sieving effects (Shields et al., 

1983; Wilkinson, 1970). In addition, each gel can be cut into 

several slices, each of which may be stained for different 

enzymes. However, difficulties lie in finding buffer systems 

with optimal conditions for separation of all wanted isozymes. 

Polyacrylamide gels have better resolution power than starch 

gels (Terranova, 1981). Since the introduction of poly

acrylamide gels as a medium for electrophoresis in 1959, it 

has found a considerable number of applications in the study 

of the molecular heterogeneity of enzymes (Wilkinson, 1970). 
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MATERIALS AND METHODS 

Agronomic Characters 

Progeny rows (generation 1, Table 2) from open-pollinated 

seed of a single-plant selection were planted at Marana, 

Arizona. Individual plants from these two progeny rows were 

selected (generation 2, Table 2) and open-pollinated seed 

planted in progeny rows at Maricopa, Arizona in 1988 

(generation 3, Table 2). Open-pollinated seed were again 

collected from individual plants in each progeny row. These 

are the parental plants in this study (generation 3, Table 2) . 

The 20 open-pollinated families in the present study are their 

descendants (generation 4, Table 2). All guayule lines were 

grown in a field plot at The University of Arizona, Maricopa 

Agricultural Center. Plants were transplanted into single-row 

plots with 40cm between plants and 100cm row spacing, and were 

furrow irrigated. Each plot is a progeny row consisting of 

approximately 10 to 25 plants. 

Parent plants were transplanted in 1989. The 

experimental design was a randomized complete block with four 

replications. Progeny plants, were transplanted in the 

adjacent field to the parent plants in April 1990. The 

experimental design was a randomized complete block with two 

replications. 
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Table 2. Pedigree of guayule lines used in this study 

Generation 

1> 2^ 3^ 4^ 

Marana Maricopa 

N6 N6-2 N6-2-2 N6-2-2-1 to 10 
-4 N6-2-4-1 to 10 
-16 N6-2-16-1 to 10 

N6-3 N6-3-3 N6-3-3-1 to 10 
-4 N6-3-4-1 to 10 
-5 N6-3-5-1 to 10 
-7 N6-3-7-1 to 10 

N6-4 N6-4-1 N6-4-1-1 to 10 
-3 N6-4-3-1 to 10 
-5 N6-4-5-1 to 10 
-6 N6-4-6-1 to 10 

N6-5 N6-5-9 N6-5-9-1 to 10 
-11 N6-5-11-1 to 10 

N7 N7-2 N7-2-5 N7-2-5-1 to 10 
-7 N7-2-7-1 to 10 
-11 N7-2-11-1 to 10 
-16 N7-2-16-1 to 10 

N7-3 N7-3-3 N7-3-3-1 to 10 
-7 N7-3-7-1 to 10 
-20 N7-3-20-1 to 10 

1 = Two progeny rows of unknown parentage. 

2 = Selected, single open-pollinated progeny from either N6 or 
N7. 

3 = Selected, single open-pollinated progeny from the six 
plants of generation 2. 

4 = Ten-plant families from open-pollinated seed of single-
plants from the 20 selections from generation 3. 
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Each plot utilized in this study was a progeny row 

consisting of approximately 20 to 30 plants and each progeny 

row was considered a family. All parents and progeny in this 

study were derived from a single-plant selection thus are 

probably siblings (Ray, personal communication) (Table 2) . 

Ten, generation 4 plants from each plot were randomly chosen 

and measured for height and width prior to harvest. Plants 

were harvested individually by clipping approximately 10 cm 

above the soil surface. The fresh weight of the branches from 

each plant was measured, and the branches were chipped into 

approximately 5 cm pieces for drying. The dry weight, rubber 

and resin content, and estimated rubber and resin yields were 

measured by the USDA-ARS,U.S. Water Conservation Laboratory in 

Phoenix, AZ. The procedure for dry weight estimations were 

described by Dierig et al. (1989a). Rubber and resin content 

and rubber yield were estimated by the procedures described by 

Ray (1989) and Thompson et al. (1988). Rubber and resin 

separation and analyses are described by Dierig et al. (1989a) 

and by Wagner and Schloman (1991). 

All agronomic data were analyzed by ANOVA with 

probability less or equal to 5% level and means separated 

using Duncan's multiple range test (Duncan, 1975). Analysis 

of variance and linear regression were performed using 

Statistical Analysis System software (SAS Institute, 1988) 
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(see Appendix F). Families were first compared to their 

sister families grouped according to their common parent line, 

and then all families were compared among and within 

themselves using Duncan's multiple range test (Duncan, 1975). 

The degree of association between the traits measured in the 

parents and their respective offspring was determined. The 

heritability estimates were made on the basis of parent-

offspring regression analyses. 

Electrophoresis 

Plant material 

Gradient polyacrylamide gel electrophoresis was used to 

study the isozyme patterns in the parents and their progenies. 

Leaf samples from both parents and progeny were collected on 

the same day. Leaf samples were picked from the new growth of 

each plant, placed in small envelopes and then put in plastic 

bags, and stored immediately in an ice chest, before being 

brought to the laboratory and frozen at -15°C. 

The isozymes used were esterase and peroxidase. These 

two isozymes produced the most recognizable and repeatable 

banding patterns for the guayule leaf extracts. They produced 

sharper and more resolved bands than the other isozymes that 

were evaluated in this study (glumate oxalacetate transminase; 

isocitrate dehydrogenase; malate dehydrogenase; 
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phosphoglucoisomerase; shikixnic dehydrogenase; and 

triosephosphate isomerase). Rick and Tanksley (1983); Soltis 

et al., (1983) and Johnson (1979) described in detail the 

procedures for monitoring and handling these isozymes. Some 

of these isozymes produced bands, but, banding patterns were 

not recognizable and repeatable from guayule leaf extracts. 

Chemicals used in polyacrylamide gel electrophoresis for 

esterase and peroxidase isozymes are provided in Appendix C. 

The experimental procedures using gradient polyacrylamide 

gel are described in Appendix A. Data were scored and 

analyzed by qualitative observation of the enzyme migration. 

The presence or absence of the banding patterns were recorded 

in a zymogram form. Interpretation and scoring of enzyme 

variation was based on: number of bands; distance of 

migration of the bands; band intensity; and band color. 

Genetic analysis of the isozymes was not performed, but the 

comparative banding patterns were used to determine 

polymorphism. 

Isozyme analysis for esterase and peroxidase were 

performed using procedures described by Warburton (1991) and 

Acquaah (1992). Each banding variant was designated by a 

letter followed by an Arabic numeral. Band number was 

designated by a letter A, B, C, D, E etc., as suggested by 

Acquaah (1992). An "A" indicated the most common patterns of 
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bands present followed by "B", "C", "D" and "E". The Arabic 

numerals following a letter were used to indicate the 

intensity, color and the presence or absence of extra-bands 

(Tables 3 and 4 and Figure 1). 

When the parental line was available, it was referred to 

as the control. There were no other "control" genotypes used. 

The parental banding patterns were compared with each of the 

progenies. However, when the parental line was not 

available, all six lanes were loaded with progenies from the 

same line. In this case the parental banding pattern was 

assumed to be the most common pattern among the progeny. This 

decision was based solely on the hypothesis that common 

patterns among progeny are most likely to be the same as the 

parent isozyme patterns. Gels were photographed with a 

Polaroid MP-3 land, multipurpose industrial view camera with 

polaroid 4x5 inches, type 55 film (black & white) . After 

staining the gels, all bands were identified and scored on a 

zymogam (Appendix B) for interpretation. 



Table 3. Designation and description of the esterase banding patterns. 

Design No. of Variation Variation in intensity 
ation bands in color 

A, 6 All bands pink ND* 

A2 6 Band 6, brown Band 6 more intense 

A3 6 Bands 5 & 6, brown Bands 5 & 6 more intense 

A3+1 7 Bands 5 & 6, brown Bands 5 & 6 more intense 

A4 6 Lowest 3 bands, brown ND 

A4+1 7 Bands 4,5&6 brown; Band 7 pink ND 

B, 5 All bands pink ND 

B2 5 Band 5, brown ND 

B3 5 Bands 4 & 5, brown ND 

B4 5 Lowest 3 bands, brown ND 

B4+2 7 All bands pink Two extra bands, very 
light 

ND* = No difference in intensity. 

to 
-J 
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Table 4. Designation and description of peroxidase banding 
patterns. 

Designa 
tion 

No. of 
bands 

Presence of bands and intensity 

A, 11 ND 

A2 11 Band 11 is more intense 

B, 11 Bands 7 & 8 are lighter 

C 9 Bands 7 & 8 are absent 

D 10 Band 11 is absent 

E 8 Bands 7, 8 and 11 are absent 
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Fig 1. Designation and description of peroxidase banding 
patterns. 

Description of bands 

Isozymes Band designation 

Peroxidase A,' A,*' B,° & 

Region I 

Footnotes: 

a: All bands present and no variation in intensity. 
b; All bands present with the last band of region II more 

intense. 
c: All bands present and top bands region II are lighter, 
d: Top bands in region II are absent. 
e: Bottom bands in region II are absent. 
f: Top and bottom bands in region II are absent. 
*= Three bands are readable in the top of region II when the 

region is lighter stained. 
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RESULTS AND DISCUSSION 

Agronomic Characters 

Variability among progeny families for yield components 

The progeny families (generation 4, Table 2) were 

evaluated for yield components among families derived from the 

six single-plant selections in generation 2 (Table 2) . The 

working hypothesis was that there were no significant 

differences among families derived from the same parent line 

(generation 2) since reproduction is by apomixis. 

Environmental effects including field management (soil 

fertility and irrigation water distribution) and measurement 

errors are assumed to be uniform and did not contribite to 

varied results. Results from the N6 and N7 families are 

presented in Tables 5 to 10. In addition, a comparison of 

yield and yield components for all individual plant families 

was made among the total population to assess variability and 

identify the individual outliers (Appendix E). 

N6 family 

Among the three families derived from N6-2, the only 

significant differences observed were in resin content (Table 

5) . Family N6-2-16 produced significantly lower resin content 

than the other two families, N6-2-2 and N6-2-4. 



Table 5, Yield components (mean ± SD) within and between three families 
derived from open-pollinated seed of plant N6-2. 

Line N6-2 

Characters family family family 
N6-2-2 N6-2-4 N6-2-16 

Height (cm)' 48 ± 12 a* 48 ± 9 a 48 ± 5 a 

Width (cm)' 46 ± 14 a 45 ± 11 a 48 ± 4 a 

Fresh wt. (g/pl)^ 600 ± 30 a 500 ± 30 a 500 ± 20 a 

Dry wt. (g/pl)^ 400 ± 30 a 300 ± 20 a 300 ± 10 a 

Resin content (%)^ 8.3 + 0.6a 8.3 ± 0.7a 7.3 + 0.5b 

Rubber content (%)^ 7.3 ± 0.5a 7.4 ± 0.8a 6.8 ± 0.5a 

Rubber yield (g/pl)^ 31 ± 2 a 24 ± 1 a 21 ± 1 a 

* Means in each row for each character followed by the same letter 
are not significantly different with a Duncan's Multiple Range 
Test at the 5 % level of significance. 

'N = 10 plants per progeny family. 

= 3 plants per progeny family. 



Table 6. Yield components (mean ± SD) within and between four families derived 
from open-pollinated seed of plant N6-3. 

Line N6-3 

Characters family family family family 
N6-3-3 N6-3-4 N6-3-5 N6-3-7 

Height (cm)' 57 ± 8 a* 63 ± 9 a 42 ± 12 a 52 ± 9 a 

Width (cm)' 58 ± 8 a 60 ± 10 a 46 ± 17 a 49 ± 15 a 

Fresh wt. (g/pl)^ 500 ± 13 a 500 ± 24 a 700 ± 43 a 550 ± 26a 

Dry wt. (g/pl)^ 330 ± 10 a 330 ± 15 a 460 ± 24 a 360 ± 17a 

Resin content (%)^ 7.8 ± 0.5a 8.2 ± 0.7a 8.6 ± 0.5a 8.3 ± 0.3a 

Rubber content (%)^ 6.4 ± 0.9b 6.5 ± 0.1b 6.6 ±0.9ab 7.8 ± 0.9a 

Rubber yield (g/pl)^ 20 ± 1 a 20 ± 1 a 30 ± 2 a 30 ± 1 a 

* Means in each row for each character followed by the same letter 
are not significantly different with a Duncan's Multiple Range 
Test at the 5 % level of significance. 

'N = 10 plants per progeny family. 

^N= 3 plants per progeny family. 
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Families derived from plant N6-3 showed significant 

differences only in rubber content (Table 6). Family N6-3-7 

was significantly higher in rubber content than the two other 

families, N6-3-3, and N6-3-4. 

Families from N6-4 differed significantly in plant height 

with family N6-4-1 significantly taller than family N6-4-5 

(Table 7). There were no significant differences between the 

two families of line N6-5 for all measured variables (Table 

8 )  .  

N7 family 

significant differences were found among families derived 

from plant N7-2, for plant height, width and resin content 

(Table 9). Table 10 shows there was no significant 

differences between the three N7-3 progeny families for all 

measured agronomic characters. 

Individual parent plant (generation 3) values for the 

different variables are presented in appendix D. A 

significant number of parent plants (13 out of 20) did not 

regrow after clipping, thus they were not available for 

isozyme analysis. Considerable variability between parent 

plants and their offsprings for agronomic characters was also 

observed as indicated in Tables 5 to Tables 10. 



Table 7. Yield components (mean ± SD) within and between four families 
derived from open-pollinated seed of plant N6-4. 

• 

Line N6-4 

Characters family family family family 
N6-4-1 N6-4-3 N6-4-5 N6-4-6 

Height (cm)' 60 ± 8 a* 50 ± 8 ab 41 ± 15 b 52 ± 15 ab 

Width (cm)' 56 ± 8 a 46 ± 13 a 39 ± 18 a 44 ± 17 a 

Fresh wt. (g/pl)^ 570 ± 22 a 900 ± 37 a 720 ± 19 a 800 ± 37 a 

Dry wt. (g/pl)^ 390 ± 14 a 620 ± 26 a 480 ± 13 a 530 ± 23 a 

Resin content (%)' 8.0 ± 0.6a 8.0 ± 0.6a 8.5 ± 0.7a 8.3 ± 0.6a 

Rubber content (%) ̂ 8.2 ± 1.0a 7.9 ± 1.0a 8.0 ± 0.6a 8.0 ± 0.4a 

Rubber yield (g/pl)^ 30 ± 1 a 50 ± 2 a 40 ± 1 a 40 ± 2 a 

* Means in each row for each character followed by the same letter 
are not significantly different with a Duncan's Multiple Range 
Test at the 5 % level of significance. 

'N = 10 plants per progeny family. 

= 3 plants per progeny family. 



35 

Table 8. Yield components (mean ± SD) within and between 
two families derived from open-pollinated seed of 
plant N6-5. 

Line N6-5 

Characters family family 
N6-5-9 N6-5-11 

Height (cm)' 50 + 4 a* 56 + 8 a 

Width (cm)' 44 + 11 a 53 ± 16 a 

Fresh wt. (g/pl)^ 660 ± 21 a 720 + 32 a 

Dry wt. (g/pl)^ 440 + 14 a 480 + 23 a 

Resin content (%)^ 8.6 + 0.4 a 7.8 + 0.6 a 

Rubber content (%)^ 8.3 + 0.5 a 8.3 ± 1.4 a 

Rubber yield (g/pl)^ 37 + 1 a 39 + 2 a 

* Means in each row for each character followed by the same 
letter are not significantly different with a Duncan's 
Multiple Range Test at the 5 % level of significance. 

'N = 10 plants per progeny family. 

= 3 plants per progeny family. 



Table 9. Yield components (mean ± SD) within and between four families derived 
from open-pollinated seed of plant N7-2. 

Line N7-2 

Characters family family family family 
N7-2-5 N7-2-7 N7-2-11 N7-2-16 

Height (cm)' 74 ± 7 a* 59 ± 14 b 48 ± 13 b 52 ± 7 b 

Width (cm)' 69 ± 6 a 56 ± 22 ab 46 ± 15 b 50 ± 9 ab 

Fresh wt. (g/pl)^ 1000 ± 55a 760 ± 60 a 640 ± 30 a 590 ± 30 a 

Dry wt. (g/pl)^ 670 ± 40a 520 ± 40 a 400 ± 20a 410 ± 20 a 

Resin content (%)^ 8.5 ± 0.3ab 7.5 ± 0.5b 8.5 ±0.9ab 8.6 ± 0.6a 

Rubber content (%)^ 7.7 ± 0.6a 7.7 ± 0.5a 7.5 ± 0.9a 7.9 ± 0.5a 

Rubber yield (g/pl)^ 50 ± 3 a 40 ± 3 a 30 ± 2 a 30 ± 1 a 

* Means in each row for each character followed by the same letter 
are not significantly different with a Duncan's Multiple Range 
Test at the 5 % level of significance. 

'N = 10 plants per progeny family. 

= 3 plants per progeny family. 



Table 10, Yield components (mean ± SD) within and between three families derived 
from open-pollinated seed of plant N7-3. 

Line N7-3 

Characters family family family 
N7-3-3 N7-3-7 N7-3-20 

Height (cm)' 49 + 5 a' 40 ± 14 a 50 ± 12 a 

Width (cm)' 46 + 3 a 40 ± 17 a 54 ± 14 a 

Fresh wt. (g/pl)^ 670 + 31a 550 ± 43a 480 ± 17a 

Dry wt. (g/pl)^ 450 + 19a 350 ± 26a 320 ± 12a 

Resin content (%)^ 8.3 + 0.8a 8.0 ± 0.6a 8.6 ± 0.8a 

Rubber content (%) ̂ 8.0 + 0.9a 7.6 ± 0.6a 7.0 ± 1.3a 

Rubber yield (g/pl)^ 36 + 2 a 27 ± 2 a 23 ± 1 a 

* Means in each row for each character followed by the same 
letter are not significantly different with a Duncan's 
Multiple Range Test at the 5 % level of significance. 

'N = 10 plants per progeny family. 

= 3 plants per progeny family. 

OJ 
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Variability between parents and progenies for yield components 

Estimates of variability between and within progeny 

families, and parent-progeny relationships were evaluated by 

three methods (Table 11) . Variability among and within 

families as estimated by F values appears to be proportional 

for width, fresh weight, dry weight, resin content, and rubber 

yield. In contrast, the variables plant height and rubber 

content showed more variability among families than within 

families. This implies that there is higher genetic 

variability among families than within families for these two 

traits. 

The coefficient of variation (CV) shows high variability 

existing among the progeny families (Table 11). The 

coefficient of variation for height, width and resin and 

rubber content are comparatively low, whereas fresh weight, 

dry weight, and rubber yield were very high. CV in fresh and 

dry weight were of nearly the same magnitude among all progeny 

families. These results are in agreement with the findings of 

Dierig et al. (1989 ab) and Thompson and Ray (1988). 
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For five of the seven characters, parent-progeny 

regressions were negative, although none were significantly 

different from zero (Table 11) . Low parent-progeny regression 

coefficients indicate low heritability for the measured 

characters (Table 11). This implies that the environmental 

variance is large compared to the genetic variance, thus 

heritability is low for these traits. One expected high 

correlation between parents and progeny to illustrate the 

heritability of apomicts, but what was surprising was that 

parent-progeny for the same characters mentioned were not 

strongly correlated. This difference in correlation between 

parent and progeny may be due to the age of the plants or to 

the environmental influences. These results agree very 

closely with those of Thompson et al. (1988) and Dierig et al. 

(1989ab) . This could account for why there has been slow 

progress in guayule improvement, since these are considered 

some of the rubber yield predictors. 



Table 11. Three methods of estimation of variability between parents and 
progeny for characters associated with agronomic performance. 

Characters 

Among family 
/within family 
+ error 

Among 
families 

Parent-progeny 
regression 

Fc Value (Ff) C.V (%) r (prob.) 

Height (cm) 2.91**(0.0003) 21.9 -0.08 (0.73) 

Width (cm) 1.54 (0.0890) 29.4 0.14 (0.54) 

Fresh wt. (g/pl) 0.97 (0.5026) 55.0+"^ -0.29 (0.22) 

Dry wt. (g/pl) 1.07 (0.3973) 54.6^+ -0.19 (0.80) 

Resin content (%) 1.80 (0.0332) 8.1 0.05 (0.84) 

Rubber content (%) 2.59"(0.0012) 11.8 -0.42 (0.22) 

Rubber yield (g/pl) 1.35 (0.1704) 56.4"^ + -0.34 (0.15) 

** = High F value, variability between families is large but variability 
within families, including experimental error, is relatively small. 

++ = High coefficient of variation indicates the relative variability as 
compared to the mean is high. 
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Variation in yield components among parents and between progeny 

Means, standard deviations and range for the different 

variables are presented in Table 12. A very large range for 

each agronomic character was observed for the seven components 

of yield among both the parents and the progeny (Table 12). 

For three of the seven characters, height, width, and resin 

content, the means for the progeny were lower than that of 

the parent plants. For all characters the range and standard 

deviation of phenotypic expression was greater among the 

parents (3 years old) than the progeny (2 years-old) (Table 

12). This difference in all characters was probably due to 

the difference in plant age between the parents and their 

progenies. Another reason for this significant difference may 

have been due to field differences, since they were in 

adjacent, but different fields. Although parents and 

progenies showed identical means overall for fresh and dry 

weight, they had different variances. Again, there was more 

variability in most cases among parents than among the 

progenies. The range in rubber yield was also much larger 

among the parents than their progenies. However, the 

variances were essentially identical. There were significant 

differences in plant height and width between progeny and 

parents, and among progenies at the 5% level of Duncan's test 

in all lines. 



Table 12. Expression of characters (range and mean ± SD) associated with 
agronomic performance among guayule parental plants and their progeny. 

Parents Progenies 

Characters Range Mean(SD) Range Mean(SD) 

Low High Low High 

Height (cm) 26 80 57 (17) 40 70 52 (8) 

Width (cm) 15 95 58 (23) 39 69 50 (7) 

Fresh wt. (g/pl) 20 2260 700 (50) 480 1000 700 (10) 

Dry wt. (g/pl) 10 850 400 (30) 310 670 400 (10) 

Resin content (%) 7 9.8 8.4 (0.8) 7.4 8.6 8.2 (0.4) 

Rubber content (%) 4.8 9.1 7.4 (1.0) 6.4 8.3 7.5 (0.6) 

Rubber yield (g/pl) 1 112 30 (10) 21 51 30 (10) 

to 
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Correlation among agronomic characters 

Linear correlations were performed to study the 

relationships between rubber yield and the six other yield 

components (Table 13). It is important to know how 

improvement of major characters can cause simultaneous changes 

in other characters. In both parents and progenies, fresh and 

dry weight were highly and positively correlated with rubber 

yield. This indicates that these parameters may be good 

predictors for rubber yield. There was a positive but non

significant correlation with rubber content among the parent 

plants, and significant positive correlations for height and 

width, as well as, fresh and dry weight. Rubber content was 

positively correlated with rubber yield in the progeny plants, 

but correlations between height and width were not 

significant. In both the parents and progeny, resin content 

was negative, yet not significantly correlated with rubber 

yield. 

In addition, correlations between plant height and width 

with fresh and dry weight and rubber content were computed 

(Tables 14 and 15) . These correlations were significant only 

in the parents for fresh and dry weight. Not surprisingly, 

height and width were not correlated with rubber content. 
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Table 13. Correlation of rubber yield with the six other 
components of yield. 

Correlation of rubber yield among 

Characters Parents Progeny families 

r Prob. r Prob. 

Height (cm) 0.64 0.0024 0.27 0.24 

Width (cm) 0.86 0.0001 0.081 0.73 

Fresh wt. (g/pl) 0.99 0.0001 0.96 0.0001 

Dry wt. (g/pl) 0.90 0.0001 0.97 0.0001 

Resin content (%) -0.13 0.58 -0.14 0.57 

Rubber content (%) 0.29 0.22 0.68 0.001 
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Table 14. Correlation of plant height with characters 
affecting rubber yield (fresh and dry weight and 
rubber content). 

Characters 

Correlation of plant height among 

Parents 

prob. 

Progeny 
families 

prob. 

Fresh wt. (g/pl) 0.63 0.0031 

Dry wt. (g/pl) 0.87 0.0001 

Rubber content (%) 0.14 0. 54 

0.29 0.215 

0.31 0.176 

-0.007 0.99 



Table 15. Correlation of plant width with characters 
affecting rubber yield (fresh and dry weight and 
rubber content). 

Correlation of plant width among 

Characters Parents Progeny 
families 

r prob. r prob. 

Fresh wt. (g/pl) 0.88 0.0001 0.15 0.53 

Dry wt. (g/pl) 0.93 O.OOOl 0.18 0.45 

Rubber content (%) 0. 08 0.75 -0.25 0.28 
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Rubber yield seems to be best predicted by plant height, 

and width, and fresh and dry weight. These traits could be 

used in a primary selection index for rubber yield. This has 

also been suggested by Thompson et al. (1988) and by Dierig et 

al. (1989ab). From the null hypothesis, the variability for 

all evaluated characters was not expected to be high since 

guayule reproduces predominantly by facultative apomixis. 

However, as shown above (Tables 5-12) heterogeneity within 

families is significant. The differences seem to be more 

accentuated among families than within them (Appendix E). 

Isozyme studies 

In all 20" families used in both agronomic characters and 

in isozyme banding differentiations for this study, there were 

differences in banding patterns in at least one individual in 

each of six-plant progeny family for either one or both of the 

isozymes (Tables 16-18). 
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Table 16. Isozyme banding variability between families. 

Line Esterase Peroxidase 

N6-2-2* -

N6-2-2- 1 A4 B 
N6-2-2- 2 A3 B 
N6-2-2- 3 A3 A2 
N6-2-2- 4 A3 B 
N6-2-2- 5 - -

N6-2-2- 6 A4 C 

N6-2-4 A2 A1 
N6-2-4- 1 A3 C 
N6-2-4- 2 A4 A2 
N6-2-4- 3 A4 C 
N6-2-4- 4 A4 A1 
N6-2-4- 5 A3 A1 
N6-2-4- 6 A2 A1 

N6-2-16 A2 A1 
N6-2-16-1 A1 A1 
N6-2-16-2 - -

N6-2-16-3 - -

N6-2-16-4 A1 B 
N6-2-16-5 A3 A2 
N6-2-16-6 A3 A2 

N6-3-3 — _ 

N6-3-3- 1 B4 A1 
N6-3-3- 2 B3 A2 
N6-3-3- 3 B3 A2 
N6-3-3- 4 B2 A2 
N6~3-3- 5 B3 A2 
N6-3-3- 6 B3 A2 

N6-3-4 — 

N6-3-4- 1 A4 A2 
N6-3-4- 2 A4+1 A1 
N6-3-4- 3 A4 A2 
N6-3-4- 4 A4 A2 
N6-3-4- 5 A3 A2 
N6-3-4- 6 A3 A1 
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Table 16. cont'd. 

Line Esterase Peroxidase 

N6-3-5 ~ — 

N6-3-5- 1 A4 A1 
N6-3-5- 2 A4+1 A2 
N6-3-5- 3 B4+2 A2 
N6-3-5- 4 B3 B 
N6-3-5- 5 B3 B 
N6-3-5- 6 B4 A1 

N6-3-7 A2 C 
N6-3-7- 1 - -

N6-3-7- 2 A2 A1 
N6-3-7- 3 A2 A2 
N6-3-7- 4 A3 C 
N6-3-7- 5 A2 C 
N6-3-7- 6 A2 C 

N6-4-1 A4 B 
N6-4-1- 1 A4 B 
N6-4-1- 2 A1 A1 
N6-4-1- 3 A3 C 
N6-4-1- 4 A2 A2 
N6-4-1- 5 A2 A2 
N6-4-1- 6 — — 

N6-4-3 — — 

N6-4-3- 1 A4 A2 
N6-4-3- 2 A4 A2 
N6-4-3- 3 A4 A2 
N6-4-3- 4 A4 A2 
N6-4-3- 5 A4 A2 
N6-4-3- 6 A4 A2 

N6-4-5 A2+1 A1 
N6-4-5- 1 A2 C 
N6-4-5- 2 A2 A2 
N6-4-5- 3 A2 C 
N6-4-5- 4 A2 C 
N6-4-5- 5 A2 c 
N6-4-5- 6 A2 c 
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Table 16. Cont'd. 

Line Esterase Peroxidase 

N6-4-6 «. 

N6-4-6- 1 A4 B 
N6-4-6- 2 A4 B 
N6-4-6- 3 A4 A1 
N6-4-6- 4 A4 A2 
N6-4-6- 5 A4 A1 
N6-4-6- 6 A4 B 

N6-5-9 — — 

N6-5-9- 1 B3 A2 
N6-5-9- 2 B4 B 
N6-5-9- 3 B3 C 
N6-5-9- 4 B3 B 
N6-5-9- 5 B3 A1 
N6-5-9- 6 B3 A2 

N6-5-11 A2 B 
N6-5-11-1 - -

N6-5-11-2 - -

N6-5-11-3 A2 A2 
N6-5-11-4 A2 A2 
N6-5-11-5 B1 A1 
N6-5-11-6 A2 A1 

N7-2-5 — 

N7-2-5- 1 A3 A2 
N7-2-5- 2 B3 A1 
N7-2-5- 3 A3 A2 
N7-2-5- 4 B3 B 
N7-2-5- 5 A2 B 
N7-2-5- 6 A4 A2 

N7-2-7 — — 

N7-2-7- 1 A1 B 
N7-2-7- 2 A1 B 
N7-2-7- 3 A1 A2 
N7-2-7- 4 A1 A2 
N7-2-7- 5 A1 A2 
N7-2-7- 6 A1 A2 
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Table 16. Cont'd. 

Line Esterase Peroxidase 

N7-2-11 — _ 

N7-2-11-1 B3 A2 
N7-2-11-2 B4 A2 
N7-2-11-3 B4 A2 
N7-2-11-4 B4+2 A2 
N7-2-11-5 B4+2 A2 
N7-2-11-6 B3 A2 

N7-2-16 A3 A2 
N7-2-16-1 A3 B 
N7-2-16-2 A4 A2 
N7-2-16-3 A2 A2 
N7-2-16-4 A2 A1 
N7-2-16-5 A2 C 
N7-2-16-6 — — 

N7-3-3 — — 

N7-3-3- 1 A1 A2 
N7-3-3- 2 B3 B 
N7-3-3- 3 B4 B 
N7-3-3- 4 B3 A2 
N7-3-3- 5 B4 A2 
N7-3-3- 6 B3 A2 

N7-3-7 — — 

N7-3-7- 1 B3 A1 
N7-3-7- 2 B4 B 
N7-3-7- 3 B4 A1 
N7-3-7- 4 B4 B 
N7-3-7- 5 B3 A1 
N7-3-7- 6 B3 A1 

N7-3-20 — — 

N7-3-20-1 B3 B 
N7-3-20-2 B1 A1 
N7-3-20-3 B4 B 
N7-3-20-4 B3 A1 
N7-3-20-5 A4 A1 
N7-3-20-6 A4 B 

Footnote 
* = First is parent plant followed by six progeny. 
# = Unavailable plant for analysis 



Table 17. Isozymes banding patterns of esterase and peroxidase between 
and within six progeny of a single individual parent. 

Polymorphism bands (number of individuals) 

Family Esterase Peroxidase Family 

Most 
common 
band* 

Bands 
variat® 

Color® Inten 
sity® 

Most 
common 
band* 

Bands 
variat. 

Inten 
sity 

N6-2-2 A3* 0 2 1 B, 1 2 

N6-2-4 A2 0 0 1 A. 1 0 

N6-2-16 A, 0 1 0 A, 0 1 

N6-3-3 B3 0 1 0 A2 0 0 

N6-3-4 A4 1 2 1 A2 0 1 

N6-3-5 B3 4 3 0 A2 0 1 

N6-3-7 A2 0 1 2 C 1 1 

N6-4-1 A4 0 3 3 B, 1 1 

N6-4-3 A4 0 0 0 A2 0 1 

N6-4-5 A2 1 0 1 A, 1 0 

N6-4-6 A4 0 0 0 B, 0 1 



Table 17. cont'd. 

Polymorphism bands (Number of individuals) 

Family Esterase Peroxidase 

Most 
common 
band 

Bands 
variat. 

Color Inten 
sity 

Most 
common 
band 

Bands 
variat. 

Inten 
sity 

N6-5-9 B, 0 1 0 A2 0 1 

N6-5-11 A, 1 0 1 B, 0 1 

N7-2-5 Aj 2 1 2 A2 0 1 

N7-2-7 A. 0 0 0 A2 0 1 

N7-2-11 B4 2 2 0 A2 0 0 

N7-2-16 A3 0 3 2 A2 1 1 

N7-3-3 B3 1 3 0 A2 0 1 

N7-3-7 Bj 0 2 0 A, 0 1 

N7-3-20 B4 2 2 0 A. 0 1 

Percent 
Variation 

13 % 24 % 13 % 5 % 15 % 

* = Subscript indicates the variation in color and intensity, described 
in Tables 3 and 4. 

@ = Number indicates how many of the six progeny were different for color 
and intensity of the pattern. 
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Table 18. Differences in the isozymic banding patterns 
between the parents and their progenies 

Generation 3 
plants 

Esterase Peroxidase Overall 

N6-2-4 o» 2'' 2 

N6-2-16 0 1 1 

N6-3-7 0 3 3 

N6-4-1 0 3 3 

N6-4-5 0 1 1 

N6-5-11 1 4 5 

N6-5-16 0 2 2 

a = No differences observed between progeny and parent in 
banding patterns. 

b = The number of the six progeny with a different isozymic 
banding pattern than the parent. 
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The differences in bands refer to the distance between 

separated bands and the number of bands present; whereas, the 

banding patterns include the intensity and color of bands. 

Polymorphism was found for the isozymes esterase and 

peroxidase in leaf tissue extracts of guayule. Overall, among 

the six lineages (N6-2, N6-3, N6-4, N6-5, N7-2, N7-3) all 

showed variation in bandings patterns between families in 

either esterase or peroxidase or both (Table 16). The results 

of the genetic-biochemical analysis of these genotypes showed 

that the differences are observed between families. Based 

upon the assumptions that with good electrophoretic 

conditions, the frequency, intensity, and color of bands 

should be identical for all families derived from single-plant 

apomictic parent. However, the observed findings did not 

follow the patterns as it was expected with respect to 

intensity, number of bands, and color of bands. 

Electrophoretic conditions may not always be identical for all 

experiments, and thus similar bandings patterns may not always 

be observed as expected and consequently minor deviations may 

always occur from the theoretical expectation. A series of 

experiments and procedures were run to identify and minimize 

the effects of these factors in this study. An standard and 

very stable procedure for the electrophoresis experiment is 

shown in Appendix A. 
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Esterase 

The gradient polyacrylamide gel of esterase (Fig. 2) was 

characterized by the presence of five to seven bands (Table 

3). Bands one, two, and four were visible within 30 min of 

staining, but at least another 30 min were required to obtain 

other bands. However, if esterase was left in the staining 

for too long, it became too darkly stained and very difficult 

to score, and other bands may appear. Band resolution 

depended not only upon the staining buffer but also upon leaf 

samples, and running buffer quality. Variation in esterase 

activity was observed among the six plants of each family. 

Five bands were present in all individuals and appear to be 

identical in migration distance. The sixth and seventh bands 

were found to be expressed differentially relative to their 

color or intensity. The intensity can predict the number of 

copies of an allele which produce each band (Acquaah, 1992). 

Examples are approximately drawn and shown in Appendix B to 

illustrate the banding patterns. The two main colors in 

esterase were pink and brown in almost all lines. 

For esterase, ten families showed differences in number 

of bands, fourteen for color difference while nine progeny 

families showed increased intensities in banding system A 

and/or B (Table 17). In a few cases, some additional and 
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Fig. 2. Gradient polyacrylamide gel (4 to 30%) stained for 
the esterase isozyme for six progeny of parent N6-3-5. 
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very readable bands were observed migrating far to the bottom 

of the gel. Overall variation in esterase was estimated at 

13, 24, and 13 percent respectively for bands, color, and 

intensity. Extra bands were observed in both systems A and B 

of esterase for family N6-3-4 (A4+J) for plant two, N6-3-5 

(A4+,) for plant two and (B4+2) for plant three, and N7-2-11 

(B4+2) for plants four and five (Table 16) . Even though the 

genetic expression of guayule isozymes is not known, these 

data provides evidence of genetic variability between progeny 

of individual apomictic parents. 

Peroxidase 

Peroxidase gels showed up to eleven bands (Fig. 3) . 

Seven bands were present in almost all individuals. Banding 

patterns were designated and symbolized as in Table 3 and in 

Figure 1. Capital letter A denoted all bands were present (at 

least 11 bands) with no variation in intensity. The fourth, 

fifth, ninth and tenth bands were frequently more intensely 

stained than the others in peroxidase. However, the seventh, 

eighth, and llth bands were variable in presence, or 

intensity. Additional bands or increased intensity of already 

existing bands in one apomictic family in identical 

electrophoretic conditions suggest differences exist in 

genotypes derived from a single-plant. Overall, peroxidase 

variation was estimated at five, and 15 percent respectively 
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Fig. 3. Gradient - polyacrylamide gel (4 to 30%) stained for 
peroxidase of six progeny plants from parent NG-2-4. 
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for bands and intensity. Differences in Jwand number were 

denoted by letter B. The most common peroxidase variants were 

differences in intensity or presence/absence of the top and 

the lower bands in region 2. These were denoted with capital 

letters C, D or E. In the top region of the gel, denoted 

region one, bands were very lightly stained but very 

consistent in their presence. 

Peroxidase banding differences were scored in six 

families (N6-2-2, N6-2-4, N6-3-7, N6-4-1, N6-4-5, and N7-2-16) 

(Tables 16-17) . Different plants from these famili/ss differed 

significantly from other lines for the occurrence of an extra 

or a missing band. Band intensities were weaker in progeny 

families N6-2-4, N6-3-3, N6-4-5, and N7-2-11 for banding 

system A. Intensity of the bands could be seen as Pasteur et 

al. (1988) explained for a polyploidy organism. They 

suggested that polyploids show variation in band intensity 

even if they were qualitatively similar in phenotypes. In 18 

out of the 20 families there were differences in band 

intensity and 13 out of the same 20 families there were 

differences in color of the bands observed (Tables 16 and 17) . 

Intensified bands and band color variations might have 

resulted from either increased gene dosage or to allele 

differences (Acquaah, 1992). 

In all of the seven available parent plants, there were 

observed differences in isozyme banding patterns between the 
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parents and some of their six progenies for either esterase or 

peroxidase (Table 18) . Overall, variation between parents and 

their progenies and within the progenies was great. Thus, the 

presence of variability in agronomic characters was most 

likely not due only to environmental effects. Phenotypic 

variability of agronomic traits expressed in the studied 

guayule lines was due to a combination of genetic and 

environmental influences. 

Genetic differences among and within guayule lines 

with the assumption that all lines in this study were 

polyploid facultative apomictics, the expected degree of 

heritability or the transmission of characters from parents to 

progeny is high. Apomixis should offer multiplication without 

any variation due to segregation or recombination (Suzuki et 

al., 1986). 

Variation for the reported agronomic characters suggest 

that there are genotypic differences between lines (Tables 5 -

1, 9, 11, 12, and 15). Isozyme analyses also revealed 

differences in banding patterns both between parent and their 

progenies and among progenies (Tables 17 and 18). In 

accordance with previous studies in guayule (Powers and 

Rollins, 1945; Gardner, 1946; Esau, 1946; Bergner, 1946; 

Gerstel and Mishanec, 1950; Rollins, 1950; Naqvi, 1985, 1986; 
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Thompson et al. 1988; and Dierig et al. 1989ab), the observed 

variability is not only due to environmental influences, but 

also to the release of genetic variability due to the 

facultative nature of apomixis. Overall variation between 

parents and their progenies and within the progenies was high 

(Tables 11, 12, 15 and 17). Genetic variation may result from 

either genetic segregation from meiotic reduction of a 

megaspore mother cell with or without fertilization (Table 1) 

(Ray et al., 1990). This confirms the finding of Rollins 

(1950), who reported that in guayule nearly always a few 

individuals deviated from the mother plant to some degree, 

even under carefully controlled conditions. In this study the 

isozyme results are in agreement with the data on characters 

associated with plant yield. Thus, the previously observed 

variations in agronomic characters (Thompson et al., 1988; 

Dierig et al., 1989 a&b ) are not only due to environmental 

influences, but also have a genetic basis. 
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SUMMARY 

A considerable amount of heterogeneity was reported in 

earlier studies of the species Parthenium araentatum Gray 

(Powers and Rollins, 1945; Gardner, 1946; Esau, 1946; Rollins, 

1950; Gerstel and Mishanec, 1950; Naqvi, 1985, 1986; Thompson 

et al., 1988; and Dierig et al., 1989ab) . Variation among 

guayule plants can be attributed to the existence of 

sexuality, apomixis, and polyploidy which singularly, or in 

combination, may provide very complex evolutionary patterns 

(Thompson and Ray, 1988) . It has been suggested that a 

combination of recombination through fertilization and 

meiosis, as well as, apomixis, which perpetuates varieties 

without change, could be of great advantage in breeding 

guayule. 

Apomictic polyploid guayule plants were analyzed for 

variation in agronomic characters and in isozyme banding 

patterns. One-hundred twenty progenies from twenty families, 

derived from six apomictic polyploid parents, which in turn 

were descendants of a single-plant selection, were evaluated 

for plant height and width, fresh and dry weight of clipped 

branches, rubber and resin content, and yields. The seven 

yield components showed that variation between parents and 

their progenies, and among the progeny families, was high 

especially considering the size of the plant populations 



64 

studied. The correlation coefficients between parents and the 

mean of their progenies were low, suggesting very low 

heritability for the measured variables. 

Electrophoretic results showed that there were 

differences in isozyme banding patterns between parents and 

their progenies, and within progenies in the expression of 

either esterase or peroxidase. This indicates that there is 

genetic variability between and within guayule lines resulting 

from an apomictic parent. 

CONCLUSIONS 

Experimental results from this study clearly show that 

variation exists within and among progenies in all of the 

measured variables. This suggests that there is a possibility 

of improvement using these variables. A considerable amount 

of variability, both between parents and their progeny and 

among progeny families, was observed in characters associated 

with agronomic performance and in isozyme profiles. The 

isozyme banding patterns reflecting the genetic composition 

among sexual progenies suggesting that there was also meiosis 

and or fertilization in these apomictic plants. 

The high amount of variability existing among and within 

the studied lines indicates that progress by selection for 
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rubber content and yield is feasible as it was suggested by 

Thompson et al. (1988), Thompson and Ray (1988) and Dierig et 

al. (1989ab). However, the correlation coefficients of the 

parents with the mean of their progeny are low. This implies 

that there is a very low heritability for the measured 

characters. If the coefficients of relatedness between parent 

and progeny are low, this suggests that there might be more 

dominance and epistasis, than additive genes (Falconer, 1989). 

This might explain why even though the potential for 

improvement seems great there has been slow progress in 

guayule breeding. 

Understanding this genetic variability, which can be 

obtained by the analysis of agronomic performance and by the 

analysis of biochemical variability can be useful for guayule 

breeders. What is needed now is to tackle the problem of low 

heritability and to determine the relationship of chromosomal 

changes, genetic variability, and agronomic performance among 

polyploid apomictic lines of guayule. Even though 

heritability of these characters associated with agronomic 

performance in this study, was low, progress is attainable by 

changing the guayule breeding scheme. An additional study 

involving family selection instead of single-plant selections 

may provide faster progress. The approach should aid in more 

efficient use of germplasm in evaluation and breeding. 
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Appendix A. Gradient poly aery lamide gel electrophoresis 

Glass plates (82 mm x 82 mm) were cleaned and dried 

before using by soaking them in a chromium solution (chromic 

acid in sulfuric acid) for 10 min. The plates were moved into 

two liters of water to wash the acids from their surfaces. 

Plates then were soaked in undistilled tap water for two hours 

and then rinsed with distilled water and air dried. Extensive 

precautions were taken to prevent any contamination by the 

chromic acid. Goggles, protective clothing, and gloves were 

worn during this step. The cassettes were assembled as 

described in the Pharmacia (1984) manual. 

Gel preparation 

Gel Buffer; 10.75 g Tris, 5.04 g and 0.93 g Sodium EDTA 

were weighed as accurately as possible. The volume was 

brought to 1 liter with distilled-deionized water. The gel 

buffer could be stored at room temperature for later use. 

Acrylamide Solution; Solution A (30%) , 28.8 g acrylamide, 

1.2 g bis acrylamide (N.N methylene bis-acrvlamide) were 

mixed. Exactly 20 ml of gel buffer was added. Gentle heating 

while stirring might be necessary to dissolve the 

constituents. The final volume was brought to 50 ml with gel 
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buffer. The solution was filtered before use. Solution B 

(4%) : 4.6 g acrylaitiide and 0.2 g bis-acrvlamide were weighed 

and mixed. Exactly 40 ml of gel buffer was added and heated 

gently while stirring was sometimes necessary to dissolve the 

constituents. The final volume was brought to 60 ml with gel 

buffer. The solution was filtered before use. 

For 8 gels, 0.20 ml (200 f x l )  o f  TEMED (N.N.N.N 

tetramethyl-ethylenediamine) was brought to 67 ml with gel 

buffer. Ammonium persulfate solution (APS), 0.075 g of APS 

was added to 100 ml of gel buffer. It was mixed only at the 

last minute before pouring. For a 4% mixture (solution B) for 

8 gels, 60 ml of acrylamide solution B, 30 ml TEMED were 

mixed, and last, 3 0 ml of APS was added. For 30% mixture 

(solution A), 25 ml of TEMED was added to 50 ml of acrylamide 

(30% solution), and just before pouring into the gradient 

maker, 25 ml of APS was added. Before the APS was added to 

the above solutions, gel cassettes were prepared accordingly 

to Pharmacia, (1984) . Cassettes were placed in the gel former 

and the gradient maker (Apparatus GE-2/4, Pharmacia) and the 

gel former (Apparatus GSC-8,Pharmacia) were connected to the 

peristaltic pump (Peristaltic Pump P-3, Pharmacia). It was 

necessary that all cassettes were even and all valves on the 

gradient maker were closed before adding gel buffers. For 8 

gels, 180 ml of gel buffer was added to the front well of the 

gradient maker. The front valve was opened approximately 3.5 
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to 4 turns. The pump was run at a dial setting of 0.4 until 

the gel buffer begun to enter the gel former. The pump speed 

was increased, but not to exceed 1.7 to avoid introducing 

excessive air bubbles into the tubes, which would disrupt the 

gradient. As the level of buffer nears the bottom of the well 

the pump speed was reduced. The pump was stopped shortly 

before all the buffer was pumped out. The front outlet was 

left open. Then, APS was added to the 4% and 30% solutions. 

The 4% mixture was poured into the front tank, then the 30% 

into the back tank. The gradient mixer (GMl, Pharmacia) was 

rinsed with distilled water, wiped off with a tissue and then 

put onto the front flask and turned on. The pump was 

restarted again, and then the valve between the two tanks was 

opened. To avoid the polyacrylamide solidifying in the tank, 

the pump speed was increased to 1.7. The rear of the gradient 

maker was slightly raised to prevent air bubbles from forming. 

When almost all the polyacrylamide was out of the wells, 

the pump speed was reduced to 0.5, and when the last of the 

solution was approaching the port into the gel former, the 

pump was stopped and the tubing was clamped-off just in front 

of the casting chamber with a hemostat. The tubing junction 

between pump and casting chamber was disconnected, and aimed 

into a flask. Distilled water was placed in the rear tank of 

the gradient maker and the pump was turned on to clean out the 

apparatus. The hoses on the pump were placed into a beaker of 
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distilled water and run at a speed of 1.0 for several minutes. 

The blade of the stirrer was rinsed with distilled water and 

wiped dry. The gels were polymerized between two and three 

hours. After the gels solidified the gel buffer was poured-

off and the well form and sealing materials were carefully 

removed. Plates were carefully pulled out from the casting 

chamber. If the gels were not used immediately, they were 

wrapped in polyethylene and refrigerated for up to two weeks. 

The gel former was cleaned with a sponge using detergent and 

water. The unit was rinsed well with distilled water. 

Sample preparation 

Tank buffer, 60.6g Tris, and 285.2g Glycine were weighed 

and mixed. The volume was brought to two liters with 

distilled-deionized water. For later use a ratio of 4:1 

distilled water to tank buffer was made (Warburton, 1991). 

Sample buffer 

Tank buffer was used to extract for esterase and 

peroxidase. For sample buffer, 10 ml of tank buffer saturated 

with 10 to 20g of sucrose was used to increase the density of 

the loading buffer and 0.01 ml of Bromophenol Blue was added. 

As accurately as possible 150 mg of fresh or frozen young 

leaf samples were obtained. The leaf samples were ground to 

a thick slurry in 700 /zl of cold extraction buffer (tank 

buffer) with a mortar and pestle to obtain homogenate. The 
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mortar was held by a filled cupboard with ice to minimize 

protein degradation. The homogenate was collected with 

separate Pasteur pipets and put into micro-centrifuge tubes. 

The micro-centrifuge tubes were then closed and labeled. 

Mortar, pestle, and micro-centrifuge tubes were kept on ice 

until used, and especially the micro-centrifuge tubes after 

filling. All samples were centrifuged about 15 minutes. 

While centrifuging the samples, more micro-centrifuge tubes 

with supernatant could be transferred and labelled. After 

centrifugation the supernatant was drawn off carefully. If 

the samples were to be stored, they were kept at -15°C. If 

they were to be run that day, 25 /nl of sample buffer was added 

for each 100 fil of supernatant and loaded into new, labelled 

micro-centrifuge tubes and mixed with an automatic pipet. The 

tips were saved and used again when loading each sample. If 

the supernatant was frozen, the vials were thawed in ice 

before running the gels. The required amount of supernatant 

was drought off and the remaining supernatant was placed back 

in a freezer (-15°C) . 

Procedures for running gels 

Pre-focussing gel electrophoresis apparatus GE-2/4, the 

water cooler was turned on at least 30 minutes prior to 

electrophoresis and allowed to reach 6°c. The level of the 

liquid inside was checked. Approximately 4 L of tank buffer 
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was added to the electrophoresis apparatus. The valve was 

placed in the middle position and the tank pump was turned on 

to remove air from the system. The pre-casted gel cassettes 

were inserted into the gaskets which held the gels, and the 

plastic cover was placed on the apparatus. Leads were 

connected between the cover and the power source, the 

circulation pump on the apparatus was set to internal 

circulation, the voltage knob was turned all the way left, and 

the power supply turned on. The voltage was set at 70 volts 

and the apparatus was allowed to run for 20 minutes. Then the 

voltage was turned to zero, the power supply was turned off, 

the leads were removed, and the valve was turned to the middle 

position. 

Running gels 

After pre-focusing, 100 /il of sample was carefully loaded 

into each well of the gel for isozymes to be run and analyzed. 

The voltage was slowly increased to 300 v. and run for 20 min. 

before samples were introduced into gel. The voltage was 

reduced to 150 v. and gels were allowed to run at a constant 

voltage for 24 hours. 

Enzyme staining 

Esterase Solution A; 2.78g monobasic anhydrous sodium 

phosphate was weighed and the volume was brought to 100 ml 

with distilled water. Solution B: 2.661g dibasic anhydrous 
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sodium phosphate was weighed, and the volume was brought to 

100 ml with distilled water. The pH of this sodium phosphate 

buffer (O.IM) was 7.1 (Vallejos, 1983). For four gels, 33 ml 

of solution A was mixed with 67 ml of solution B, 100 ml of 

distilled water, and 0.2g of Fast Blue RR salt. Solution C 

was a mixture of 0.06g alpha-naphyl acetate, 0.06g beta-naphyl 

acetate, 3.0 ml of acetone, and 3.0 ml of distilled water was 

added to a dissolved mixture of solution C. Solution C was 

mixed into phosphate buffer just before staining. Gels were 

stained without shaking in the dark for two to three hours. 

The reaction was stopped by discarding the staining solution 

followed by three to five washes with distilled water. Gels 

were then fixed in 7% acetic acid and stored in a refrigerator 

at 4°C. 

Peroxidase Solution A was a mixture of 0.2 M acetic acid 

and 11.55 ml glacial acetic acid and the volume brought to IL 

with distilled water. Solution B was 5.44g sodium acetate 

trihydrate (CjHjOjNa.3H2O) with the volume brought to 200 ml 

with distilled water. The pH of the peroxidase sodium acetate 

stain buffer was 5.0. Solution C was prepared under a fume 

hood and was O.lg of 3-amino-9-ethylcarbazole mixed with 10 ml 

of N,N dimethyl formamide. Solution D, 1 ml of 30% hydrogen 

peroxide was added to 9 ml of distilled water. A mixture of 

peroxidase stain for four gels was 30 ml of solution A, 70 ml 
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of solution B, 100 ml of distilled water, all of solution C, 

and 1 ml of solution D. The constituents were mixed together 

while stirring. Gels were stained with gentle shaking between 

30 min and 1 h (Vallejos, 1983). The staining reaction was 

stopped by discarding the stain solution followed by rinsing 

the gels with distilled water. Gels were then stored in 

distilled water in a refrigerator at 4°C. 
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Appendix B. Examples of the zymogram patterns. 
B 1. ESTERASE 

Run # 10 
Gel 4 
Study Title GVG Species P a G Sample # 3 
Date 9/16/92 Experit. MMD 

Plant Sources: 
Lane l:N63-5-3 Lane 3:N63-5-5 Lane 5:N63-5-7 
Lane 2:N63-5-4 Lane 4;W53-5-5 Lane 6:N63^5-8 

Start time 2:20 PM, Stop time 11:40 AM, Amp. 60 
Voltage ISO V, Running time; 20 h.. Staining time: l-3h 
Comments; Samples run at 300 V for 15 min. to introduce 

samples into gels. 
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Appendix B. Cont'd. 
B 2. PEROXIDASE 

Run # 2 
Gel # 3 
Study Title GVG 
Date 8/10/92 

Plant Sources: 
Lane l N6-4(l) 
Lane 2:N64-1-1 

Species P.a.G 
Experit. MMD 

Lane 3:N64-l-2 
Lane 4:W64-I-3 

Sample # 2 

Lane 5'.N4-1-4 
Lane 6:N64''l-5 

Start time 2;00 PM, Stop time 1:10 AM, Amp. 60 
Voltage 125 V, Running time 23 h 10, Staining time I h. 
Comments: Samples were run at 300 V for 15 min. to introduce 
samples into gels. Harvested Leaf samples were frozen at -15 
"C. 
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Appendix C. Chemicals used in polyacrylamide gel 
electrophoresis for esterase and peroxidase 
isozymes 

CHEMICAL MW or FW 

Acetic Acid from Sigma 1991 MW= 60.1 
Acetone from Sigma 1992 FW= 64.12 
Acid Citric from Sigma, 1990 FW= 294.1 
Acrylamide from sigma 1991, A-8887 MW= 71.08 
3-Amino-9ethylcarb2ole from Sigma, 1992 FW= 210.3 
Ammonium persulfate from Sigma, 1992 MW= 228.2 
a-naphyl acetate from Sigma, 1992 FW= 186.2 
B-naphyl acetate from Sigma, 1992 FW= 186.2 
Boric acid from Sigma, 1992 FW= 61.83 
Bromophenol Blue from Sigma, 1991 MW= 692.96 
Bis-Acrylamide from sigma 1991, M-7256 MW= 154.2 
Dibasic anhydrous Na phosphate, Sigma92 FW= 142.0 
Glacial acetic acid from Sigma, 1991 FW= 60.85 
Hydrogen Peroxidase from Sigma, 1991 FW= 34.01 
Monobasic anhydrous Na phosphat,Sigma92 FW= 120.0 
N-N-Dimethylformamide from Sigma, 1992 FW= 73.09 
Sodium EDTA from IBM 1990 MW= 372.14 
Na acetate trihydrate from Sigma,1992 FW= 82.03 
Glycine from USB 1990 MW= 75.07 
Temed from sigma 1991, T-8133 FW= 116.2 
Tris base from USB 1990 MW= 121.14 
MnCl2 from sigma 1991, MC-10 FW= 197.91 
Fast Blue RR Salt from sigma, 1991 FW= 300.4 
MgClj.eHzO 1 M from sigma, 1991, M-0250 MW= 203.3 
Methanol from Sigma, 1992 FW= 32.04 
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Appendix D; Agronomic and isozyme characteristics of 
individual plant values of parent lines. 

Table D 1. Parent plants (generation 3) derived from plant 
N6-2 (generation 2). 

Characters N6-2-2 N6-2-4 N6-2-16 

Height (cm) 67 57 71 

Width (cm) 51 62 77 

Fresh wt (g/pl) 800 800 1000 

Dry wt (g/pl) 500 500 600 

Resin Content (%) 9.5 8.4 7.9 

Rubber content (%) 9.1 7.2 7.2 

Rubber yield (g/pl) 50 40 50 

Est. N/A* A2 Az 
Isozymes „ 

Prx N/A A, Ai 

* = N/A parent plants were not available. Clipped parent 
plants did not survive and regrow after clipping. 

Table D 2. Parent plants (generation 3) derived from plant 
N6-3 (generation 2) 

Characters N6-3-3 N6-3-4 N6-3-5 N6-3-7 

Height (cm) 55 54 80 68 

Width (cm) 54 94 79 77 

Fresh wt (g/pl) 400 2300 1000 1300 

Dry wt (g/pl) 200 1500 700 800 

Resin content (%) 7.8 8.0 8.7 7.2 

Rubber cont (%) 7.5 7.6 8.1 8.1 

Rubber yield (g/pl) 20 110 60 70 

Est. N/A* N/A N/A A2 
Isozymes _ 

Prx N/A N/A N/A A) 
* = N/A parent plants were not available. Clipped parent 

plants did not survive and regrow after clipping. 



78 

Table D 3. Parent plants (generation 3) derived from plant 
N6-4 (generation 2) 

Characters N6-4-1 N6-4-3 N6-4-5 N6-4-6 

Height (cm) 80 59 41 67 

Width (cm) 87 65 39 63 

Fresh wt (g/pl) 1000 600 200 600 

Dry wt (g/pl) 700 400 100 400 

Resin content (%) 8.8 7.8 7.0 7.6 

Rubber content (%) 7.7 7.2 6.8 7.0 

Rubber yield (g/pl) 60 30 10 30 

Est. A4 N/A* A2 N/A 
Isozymes 

B N/A A, N/A 

* = N/A parent plants were not available. Clipped parent 
plants did not survive and regrow after clipping. 

Table D 4. Parent plants (generation 3) derived plant 
N7~2 (generation 2) . 

Characters N7-2-5 N7-2-7 N7-2-11 N7-2-16 

Height (cm) 26 71 34 45 

Width (cm) 25 81 22 48 

Fresh wt (g/pl) 20 1100 100 300 

Dry wt (g/pl) 10 800 40 200 

Resin content (%) 7.6 8.5 9.0 8.8 

Rubber content (%) 8.2 7.4 6.6 7 

Rubber yield (g/pl) 1 60 3 10 

Est. N/A* N/A N/A A3 
Isozymes 

N/A N/A N/A A: 

* = N/A parent plants were not available. Clipped parent 
plants did not survive and regrow after clipping. 
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Table D 5. Parent plants (generation 3) derived from plants 
N6-5 and N7-3 (generation 2). 

Characters N6-5-9 N6-5-11 N7-3-
3 

N7-3-
7 

N7-3-
20 

Height (cm) 27 80 68 40 50 

Width (cm) 26 84 64 32 46 

Fresh wt (g/pl) 40 900 700 100 300 

Dry wt (g/pl) 30 600 400 100 200 

Resin content (%) 8.9 9.2 9.0 9.8 8.9 

Rubber content (%) 5.7 7.4 4.8 8.2 8.9 

Rubber yield (g/pl) 2 40 20 10 20 

Isozymes Est. N/A* A2 N/A N/A N/A 

Prx. N/A B N/A N/A N/A 

* = N/A parent plants were not available. Clipped parent 
plants did not survive and regrow after clipping. 
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Appendix E. Yield and yield components for all individual plants. 

Line Ht Wdh F.W D.W Resin Rubber 

cm cm g / p i  g / p i  (%) (%) (yld, g/pl) 

N6-2-2' 67 51 79 55 9.46 9.11 50 
N6-2-2-1 31! 2 5  1 2 4  8 6  8.11 7.54 6 5  
N6-2-2-2 63 60 1 4  1 1  7.91 7.90 9  
N6-2-2-3 3 3  3 5  57 36 8.21 6.17 22 
N6-2-2-4 51 55 73 45 8.66 7.45 34 
N6-2-2-5 55 62 43 28 7.70 7.32 21 
N6-2-2-6 54 40 74 47 9 . 4 1  7.51 35 

N6-2-4 57 62 77 55 8.39 7.22 40 
N6-2-4-1 56 63 76 50 8.23 7.73 38 
N6-2-4-2 43 3 2  2 8  22 8.40 7.56 17 
N6-2-4-3 55 56 77 49 8.82 8.29 40 
N6-2-4-4 55 40 37 23 7.95 7.13 16 
N6-2-4-5 3 2  40 81 51 6.96 5 . 8 3  30 
N6-2-4-6 50 41 7 5  9.11 7.54 4  

N6-2-16 21 1 2  M  6 5  7.88 7.22 47 
N6-2-16-1 40 39 3 0  20 7 . 1 4  6.80 1 4  
N6-2-16-2 50 50 54 36 8.18 6 . 3 4  23 
N6-2-16-3 52 51 66 43 6 . 8 7  6 . 3 3  27 
N6-2-16-4 52 47 66 42 7.68 7.70 32 
N6-2-16-5 43 50 48 30 6 . 7 3  6.61 20 
N6-2-16-6 49 50 2 1  14 7 . 4 4  7.07 1 0  

N6-3-3 55 54 37 24 7.79 7.53 18 
N6-3-3-1 50 50 3 3  21 7 . 2 1  7.50 16 
N6-3-3-2 56 60 51 35 8.58 5.12 18 
N6-3-3-3 60 54 77 54 7.86 6.07 33 
N6-3-3-4 61 60 45 28 8.22 7.46 21 
N6-3-3-5 45 50 47 29 7 . 3 6  6.78 20 
N6-3-3-6 7 2  7 2  48 32 7.49 5 . 3 1  17 

N6-3-4 54 £ 5  2 2 6  7 4  8.04 7.60 112 
N6-3-4-1 46 44 2 2  15 8.13 6.47 9  
N6-3-4-2 58 55 58 41 8.74 6.50 27 
N6-3-4-3 63 6 5  99 63 7.01 6.57 41 
N6-3-4-4 6 9  7 5  45 28 7.80 6.46 18 
N6-3-4-5 7 2  58 3 6  24 9 . 1 3  6 . 2 5  15 
N6-3-4-6 7 3  65 38 26 8.30 6.47 17 

# = The first plant is the parent plant followed by six 
progeny. 
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Appendix E. Cont'd. 

Line Ht* Wdh F.W D.W Resin Rubber 

cm cm g/pi g/pi (%) (%) (yld, g/pl) 

N6-3-5 M 79 100 74 8.69 8.15 60 
N6-3-5-1 57 20 SA 63 7.83 5.21 33 
N6-3-5-2 50 64 00 00 8.29 6.87 0 
N6-3-5-3 28 34 11 10 8.86 7.23 2 
N6-3-5-4 40 40 00 39 9.28 6.11 24 
N6-3-5-5 53 50 00 00 0.00 0.00 0 
N6-3-5-6 25 21 110 21 8.64 7.67 55 

N6-3-7 68 77 129 85 7 . 2 0  8.08 11 
N6-3-7-1 44 39 26 17 8.35 6.67 11 
N6-3-7-2 58 60 12 62 8.80 7.99 49 
N6-3-7-3 49 34 27 18 8.05 6 . 3 3  12 
N6-3-7-4 37 29 73 48 8.11 8.12 39 
N6-3-7-5 64 62 67 43 8.21 8 . 7 9  38 
N6-3-7-6 60 69 37 25 8.45 8 . 7 5  22 

N6-4-1 80 BT. 104 72 8.83 7.74 56 
N6-4-1-1 56 50 43 30 8.25 9 . 2 2  27 
N6-4-1-2 • 57 55 56 41 7 . 2 0  8 . 8 6  36 
N6-4-1-3' 51 60 65 46 7.74 7.39 34 
N6-4-1-4 60 46 99 63 8.65 9 . 2 8  59 
N6-4-1-5 58 55 47 33 8.83 6.92 23 
N6-4-1-6 77 70 30 19 7.57 7.32 14 

N6-4-3 59 65 58 42 7.81 7.18 30 
N6-4-3-1 63 12 150 107 7 . 4 1  6.73 72 
N6-4-3-2 46 54 63 43 9 . 2 0  7.32 32 
N6-4-3-3 49 37 36 24 7.81 9 . 0 0  22 
N6-4-3-4 50 45 113 73 7.70 9 . 0 5  66 
N6-4-3-5 36 22 77 55 7.69 6.80 38 
N6-4-3-6 55 49 101 67 7.95 8.19 5 5  

N6-4-5 41 39 15 7 f 9 4  6.77 10 
N6-4-5-1 60 51 84 58 8.72 7.18 42 
N6-4-5-2 2 4  20 45 29 8.74 7.06 21 
N6-4-5-3 45 57 65 42 9 . 5 6  8.52 36 
N6-4-5-4 51 55 55 37 7 . 2 3  8.07 30 
N6-4-5-5 12 9  102 67 8.16 8.53 5 7  
N6-4-5-6 49 41 83 54 8.44 8.27 45 
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Appendix E. Cont'd. 

Line Ht* Wdh F.W D.W Resin Rubber 

cm cm g/pi g/pi (%) (%) (yld, g/p] 

N6-4-6 67 63 61 42 7.60 6.99 29 
N6-4-6-1 64 40 67 47 7.93 7.45 35 
N6-4-6-2 58 48 76 52 9.26 8.10 42 
N6-4-6-3 51 42 38 27 8.61 7.86 21 
N6-4-6-4 64 65 117 78 8.24 8.15 §tl 
N6-4-6-5 53 58 42 28 7.30 7.40 21 
N6-4-6-6 2 ^  il 140 88 8.48 8.50 7 4  

N6-5-9 2 7  2 6  4  3  8.88 5.74 2 
N6-5-9-1 49 47 62 42 9.09 8.87 37 
N6-5-9-2 50 38 42 28 8.81 8.50 24 
N6-5-9-3 55 60 85 60 8.22 8.84 5 3  
N6-5-9-4 56 56 44 30 7.88 7.86 24 
N6-5-9-5 47 3 2  102 6 5  8.41 7.71 50 
N6-5-9-6 46 31 61 40 9.04 8.01 32 

N6-5-11 8 0  8 4  86 57 9.16 7.39 42 
N6-5-11-1 57 47 75 54 8.22 7.80 42 
N6-5-11-2 58 7 5  43 29 7.10 7.39 21 
N6-5-11-3 54 50 139 9 5  7.68 7.05 6 7  
N6-5-11-4 72 2 A  71 43 8.27 11.3 49 
N6-5-11-5 45 40 55 34 8.41 8.18 28 
N6-5-11-6 50 3 3  49 31 6 . 8 9  7.76 24 

N7-2-5 26 15 2 1 7.58 8.22 1 
N7-2-5-1 80 58 119 81 8.92 7.74 6 3  
N7-2-5-2 7 3  li 103 2 1  8.11 7.77 55 
N7-2-5-3 82 7 9  203 135 8.49 7.45 101 
N7-2-5-4 2 1  7 2  73 47 8.30 6.47 30 
N7-2-5-5 60 68 72 47 8.86 8.69 41 
N7-2-5-6 7 4  12. 2 7  18 8.44 7.83 1 4  

N7-2-7 7 1  81 109 2 1  8.54 7.36 58 
N7-2-7-1 62 61 86 59 7 . 1 2  7.20 43 
N7-2-7-2 56 43 19 15 7 . 3 7  6.90 10 
N7-2-7-3 7 9  8 4  190 132 7.76 8.05 106 
N7-2-7-4 36 22 64 41 8.03 8.08 33 
N7-2-7-5 48 43 22 15 8.15 8.21 12 
N7-2-7-6 7 2  8 3  77 52 6 . 8 3  7.93 41 
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Appendix E. Cont'd. 

Line Ht* Wdh F.W D.W Resin Rubber 

cm cm g / p i  g / p i  (%) (%) (yld, g/pl) 

N7-2-11 34 2 2  6  4  8 . 9 7  6.60 3  
N7-2-11-1 46 43 56 34 8.07 6 . 2 6  21 
N7-2-11-2 2 6  1 5  66 43 8.58 7.80 34 
N7-2-11-3 51 56 1 0 8  6 8  8.32 7.66 52 
N7-2-11-4 67 6 5  82 51 9 . 9 6  9 . 2 8  47 
N7-2-11-5 61 45 7  5  6 . 9 5  7.36 4  
N7-2-11-6 39 50 62 39 8.81 6.75 27 

N7-2-16 45 48 2 9  20 8.79 6.97 1 4  
N7-2-16-1 59 56 85 59 9 . 1 0  7.75 46 
N7-2-16-2 40 3 5  2 7  20 7.68 7.19 1 4  
N7-2-16-3 56 60 66 47 9 . 0 3  7.53 35 
N7-2-16-4 57 53 37 26 8.49 7.82 20 
N7-2-16-5 47 42 9 7  6 5  9 . 4 0  8.42 5 5  
N7-2-16-6 56 57 43 28 7.85 8.68 24 

N7-3-3 68 64 66 45 9 . 0 5  4 . 8 2  22 
N7-3-3-1 52 44 48 33 7 . 1 3  6.53 22 
N7-3-3-2 52 44 50 36 9 . 0 2  8 . 9 6  32 
N7-3-3-3 51 43 64 43 7.62 7.48 33 
N7-3-3-4 54 50 2 8  19 8.23 7.84 15 
N7-3-3-5 41 47 1 2 4  7 8  9 . 4 6  8.00 6 3  
N7-3-3-6 43 49 90 59 8.37 9 . 4 3  5 1  
N7-3-7 40 3 2  1 0  7  9 . 8 4  8.22 6  
N7-3-7-1 3 2  38 1 0  8  8.15 7.08 6  
N7-3-7-2 56 60 93 60 8.67 8.16 49 
N7-3-7-3 2 2  1 5  56 37 7 . 3 7  6.82 25 
N7-3-7-4 50 49 3 1  22 9 . 0 6  7.50 16 
N7-3-7-5 56 56 1 2  8  7.62 8.42 7  
N7-3-7-6 2 1  2 1  1 2 7  7 7  7 . 3 8  7.55 5 8  

N7-3-20 50 46 3 2  23 8 . 9 4  8 . 8 9  20 
N7-3-20-1 41 42 2 4  16 8.84 7.20 1 1  
N7-3-20-2 46 56 58 41 9 . 2 4  9 . 0 1  37 
N7-3-20-3 55 48 62 43 7.67 5.04 21 
N7-3-20-4 57 52 67 43 8.62 8.21 35 
N7-3-20-5 33 43 48 33 9 . 6 0  5 . 7 2  19 
N7-3-20-6 7 0  8 4  2 6  17 7.50 7.05 1 2  

* = , Boldface underlined numbers indicate that those 
individual plants are greater or less than the population 
mean plus or minus two standard deviations. 
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Appendix F. SAS program routine to analyze agronomic performance for 
significance between and within guayule lines. 

data morph; 

infile 'a;data4.prn'; 
input LI$ LINE$ family PROG$ HT WIDTH FRWT Pdrywt DRYWT PRESIN 
RUBERP 
rubyId parrub; 
label ht='Height'; 
label width='Width'; 
LABEL FRWT='Fresh weight'; 
label drywt='Dry weight'; 
label presin='Resin %'; 
label ruberp='Rubber %'; 
label rubyld='Rubber yield'; 
label parrub='Rubber %-parents'; 
label pdrywt='% moisture'; 
label prog='Progeny'; 

if prog='P' then delete; 

proc sort;by family; 
proc means mean noprint;var ht frwt width pdrywt drywt presin 
ruberp rubyld;output out=hold mean=mht mfrwt mwidth mpdry 
mdrywt 
mpresin mruberp mrubyld;by family;run; 

data new; 
infile 'b:data4.prn'; 
input LI$ LINE$ family PROG$ HT WIDTH FRWT Pdrywt DRYWT PRESIN 
RUBERP 
rubyld parrub; 
label ht='Height'; 
label width='Width'; 
LABEL FRWT='Fresh weight'; 
label drywt='Dry weight'; 
label presin='Resin %'; 
label ruberp='Rubber %'; 
label rubyld='Rubber yield'; 
label parrub='Rubber %-parents'; 
label pdrywt='% moisture'; 
label prog='Progeny'; 
if prog='P' then delete; 

proc sort;by family;run; 
data all; 
merge hold new;by family; 
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proc print;var family ht mht;run; 
proc corr; 
var HT mht WIDTH mwidth FRWT mfrwt DRYWT mdrywt 
pdrywt mpdry presin mpresin ruberp mruberp rubyld mrubyld; 

run; 

data eek;set morph; 
proc anova;class family; 
model HT WIDTH FRWT DRYWT PRESIN RUBERP RUBYLD PARRUB = family 

means family / duncan; 
run; 
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