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ABSTRACT 

Four species of the genus Parthenium were involved in a hybridi

zation attempt. The species were: guayule (Parthenium argentatum Gray), 

Parthenium frutiaosum Less, Parthenium bipinnatifidum (Ortega) Rollin~, 

and Parthenium inaanum H. B. K. Primary attention was given to the 

formation of hybrids between P. argentatum and P. frutiaosum. Character

istics of the latter species such as size, growth rate, possible disease 

resistance, and wider geographical adaptation were desirable for transfer 

to P. argentatum. 

Reciprocal crosses were made between these two species and the 

production of hybrids was not difficult. However, in the case of selfing, 

backcross and sibcrosses, germination percent was 0.86 from a total of 

3,471 achenes. Therefore, a search for the cause or causes of the nega

tive'results was initiated. The factors which were considered of primary 

interest were: incompatibility, genic and chromosomal sterility, polli

nation and planting techniques, and seed germination treatment. Incom

patibility was considered the main limiting factor in the formation of a 

backcross population. 

Rubber analysis was performed in the interspecific hybrids. Mean 

rubber percent for hybrids between P. argentatum and P. frutiaosum was 

1.19; and for the reciprocal cross it was 0.39. Hybrids of the cross P. 

frutiaosum x P. bipinnatifidum had a mean rubber percent of 0.19. 
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INTRODUCTION 

Guayu1e (P. argentatum) was an important alternative source of 

natural rubber for the United States during the Second World War. The 

ending of this conflict brought an end to the domestication of guayu1e 

when other, cheaper sources of natural rubber were available. Also, the 

development of a successful synthetic rubber during war time contributed 

to the lack of interest in guayu1e at the end of the conflict (Polhamus 

1962). 

In 1974 the Mexican government again focused attention on guayu1e. 

The industrialization of the Mexican guayu1e populations represents a 

source of natural rubber which unquestionably will bring an economic and 

social benefit in arid and semi-arid zones (Centro de Investigation en 

Quimica Ap1icada et a1. 1979). Later in 1975, the United States joined 

~lexico in the development of guayu1e.as a source of domestic natural 

rubber. Political and scientific efforts were initiated in the United 

States for guayu1e commercialization as an alternative to an anticipated 

shortfall of natural rubber (McGinnies and Haase 1975). 

It has been concluded that guayu1e rubber has the same properties 

as hevea rubber (Hevea braziZiensis Mue11. Arg.), which is essentially 

the sole source of natural rubber in the world (Vietmeyer 1979). 

Since wild populations of guayu1e are scarce in the United States, 

the alternative is the domestication and adaptation of this plant to farm 

practices in the United States. Presently, different aspects of 

1 



2 

agronomic research are under experimentation. Guayule is being recog

nized on a world wide scale as a potential source of rubber for arid land 

production. Scientific efforts have been focused on several areas of 

research such as: cultivation practices, seed increase, breeding for 

higher rubber content, genetics and cytogenetics, rubber physiology, 

entomology, soil and water use, herbicide tolerance, disease resistance, 

inter- and intraspecific hybridization; and other disciplines related 

to the domestication of a promising wild plant. 

In spite of th~ limited scientific research on guayule, it is 

known that guayule lacks some agronomic characteristics which are im

portant for its successful commercial exploitation. Slow growth rate is 

an important factor in the commercialization of guayule under cultivated 

conditions. Susceptibility to diseases was detected early in guayule's 

cultivation in the United States (Campbell and Presley 1946). An alter

native for the improvement of guayule is to allow hybridization with 

other Parthenium species which can be the source of desirable agronomic 

characteristics lacking in guayule. 

P. frutiaosum has a chromosome number of 2n = 36, and its re

productive behavior was considered to be probably of the sexual type. 

This assumption was made on the basis of its somatic chromosome number 

being similar to guayule (Rollins 1950). No rubber has been found in 

this species, but it possesses two desirable characteristics which are 

important for guayule: plant height and growth rate. It has also been 

considered a possible source of disease resistance similar to other 

species of Parthenium in interspecific hybrids with guayule (Tysdal and 

Rands 1952). 
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Past attempts at interspecific hybridization did not include P. 

frutiaosum as parent. This research, initiated in 1978, is the first 

attempt for guayu1e improvement by means of hybridization with P. fruti

aosum. Other attempts are now being made in different parts of the 

world, not only using P. frutiaosum, but other species of the genus such 

as: Parthenium tomentosum var. stramonium (Greene) Ro11ins3 Parthenium 

tomentosum D.C. var. tomentosum3 Parthenium inaanum H.B.K., Parthenium 

Sahottii Greenman ex Mi11sp. and Chase, Parthenium hysterophorus L., and 

Parthenium bipinnatifidum (Ortega) Rollins. 

Objectives 

The initial objective during this research was the transference 

of P. frutiaosum characteristics to guayu1e through introgressive hybrid

ization. Negative results in the backcross program resulted in an alter

native objective: to determine the cause of reproductive failure in the 

interspecific hybrid program. 



REVIEW OF LITERATURE 

Stebbins (1950) gives examples of the use of interspecific 

hybridization in plant breeding, and considers it as a useful technique 

in some crops and of relatively slight value in others. In cereal grains, 

fiber crops, tobacco, and forage crops, the greatest use of interspecific 

hybridization has been through the_ transfer of individual characters from 

one species to another through a careful combination of hybridization, 

backcrossing, and selection. Some of the transferred characters have 

been resistance to disease, insect pests, drought tolerance, or early 

maturity. Interspecific hybridization appears to be a refined version 

of the introgressive hybridization which occurs in nature. 

However, interspecific hybridization, especially under artificial 

conditions, is known to result in interrelated mechanisms which can be 

classified in three major areas: hybrid inviability and weakness, hybrid 

sterility, and hybrid breakdown. They include all mechanisms which act 

after the parental gametes have united in fertilization such as: mecha

nisms of development, growth, and reproduction of the Fl hybrids and 

their progeny of later generations (Stebbins 1958). In this regard 

Dobzhansky et al. (1977) stated that, disharmony of gene interactions is 

the main factor in the presence of such mechanisms. They state that lithe 

genes derived from different species cannot interact with each other to 

produce a harmonious course of development." Disharmony can be expressed 

in somatic tissue or after meiosis in interspecific hybrids, or it may 

4 



be delayed until gametophyte development or even until the development 

of F2 genotypes. 

Hybrid Inviability and Weakness 

5 

The failure of the zygote to develop after fertilization was de

fined by Renner (1929) cited by Stebbins (1950) as zygotic sterility. 

Its principal characteristic being the abortion of seeds even though the 

ovules and pollen are normal. 

Dobzhansky (1937) used the expression "incongruity of the 

parental forms" to refer to those mechanisms which prevent the produc

tion of hybrid zygotes or for those which produce disturbances in de

velopment such that the reproductive stage is not reached. On the other 

hand, Jenkins (1939) called "congruity" the ability of two species to 

hybridize and the Fl to form viable gametes capable of producing vigorous 

zygotes. 

The genus CZarkia possesses well-developed barriers to gene ex

change (Lewis 1953). The first limitation has been an ~lmost impossible 

formation of interspecific hybrids. He attributes this result to factors 

such as: a) pollen does not grow in the style, and b) fertilization does 

not occur. 

Negative results obtained from the cross Niaotiana syZvestris x 

Niaotiana tabaaum provided Clausen and Goodspeed (1922) with a proposal 

called "Reaction System Hypothesis," as an explanation of the origin of 

inviability. The assumption is that both species have diverged so 

widely that exchanges of germinal material is not possible. 
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Stebbins (1958) considered hybrid inviability as the result of 

the genetic unbalance which affects primarily the metabolic and synthetic 

processes which take place in the early development of the zygote. In 

this regard, he grouped the causes of hybrid inviability into three 

categories: 1) the disharmony was considered to reside chiefly in 

chromosomes and genes of the parental species and combined in the hybrid 

nuclei; 2) a disharmonious interaction between the chromosomes or genes 

of one species and the cytoplasm of the other; and 3) normal embryo de

velopment, but inhibited by the action of the endosperm which nourished 

it. 

Later, Stebbins (1970) suggested study of the phenomenon of 

inviability of interspecific hybrids on the basis of biochemical gene 

action; specifically the nuclear-cytoplasmic differences in codes of DNA 

are considered by him to be a factor which deserves investigation in 

interspecific hybrids. 

According to Dobzhansky et al. (1977), the disturbance of gene 

regulation is the cause of hybrid inviability or weakness. Their bio

chemical evidence consists of the absence in hybrids of certain enzymes 

which are present in one or both parents, and also in the presence of new 

compounds characterized by incomplete biosynthetic pathways. 

Hybrid Sterility 

Newton and Pellew (1929) suggested that the sterility of hybrid 

individuals was due to the formation at meiosis of non-viable recombina

tions. They worked with FrimuZa interspecific hybrids and were unable 



to obtain seed set from self-pollinated flowers. They were also un

successful when using the pollen of either of the parent species on the 

hybrid. 

A similarity in results was found in interspecific crosses in 

7 

the genus Antirrhinum (Baur 1932) cited by Faberge (1944), and Papaver 

(Faberge 1944). In both cases, degrees of hybrid sterility ranged from 

species which cannot be crossed to those with quite fertile F1 individuals. 

Grant (1977) considers the sterility phenomena as a characteristic 

confined to the reproductive stage in the F1, being caused by variable 

genetic factors which are present at different developmental stages. In 

this regard: he attributes the non-viability of pollen and ovules to the 

effect of deficiencies and duplications for particular segments carried 

by the daughter nuclei produced by meiosis. He attributes the main 

cause of hybrid sterility in plants to the inviability of the gameto

phytes. The reason being the failure to develop and function properly 

of the pollen and embryo sac in spite of a complete meiosis. 

Richardson (1936) considered the failure of germ-cell formation 

in hybrids as the result of two kinds of abnormalities. The first being 

characterized by having its origin in gene mutation which results in 

failure of chiasma formation, failure of cytokinesis, and in upset of 

the time relationship of meiosis. The second one, considered to be an 

abnormality in the chromosomal arrangements of the parents. 

Faberge (1944) called "unsuitable gene combinations" the cause 

of sterility of Papaver hybrids. He also considered pollen and egg 

cells to have a higher rate of tolerance to unsuitable gene combinations 

than zygotes. 
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Later, Stebbins in 1945 considered that structural hybridity in

volving only small chromosomal segments was the responsible factor in 

the sterility of pollen and egg in Campsis hybrids. 

Stebbins (1945) postulates that the sterility condition is the 

result of heterozygosity for very small structural differences or the 

action of specific genes. He supports the postulate from results 

observed in crosses between strains of ELymus gLauaus in which structural 

differences or specific genes cannot be differentiated by cytological 

basis. 

Stebbins (1950) attributed to "cryptic structural hybridity" the 

main role in the hybrid sterility phenomenon. In this case, the 

sterility is due to the effect of deficiencies and duplications for 

small chromosomal segments. 

Research on the genus CLarkia (Lewis and Lewis 1955) allowed them 

to conclude that the high degree of sterility in interspecific hybrids of 

CLarkia lies primarily in the structural rearrangement of the chromosomes 

which results in highly irregular meiotic behavior. All interspecific 

hybrids showed a great reduction in fertility when self-pollinated, back

crossed to either parent, or when open pollinated. 

Later, Stebbins (1959) considered the initial sterility of the 

Fl hybrids as due to heterozygosity for genic differences or chromosomal 

rearrangements. He called them "sterility producing factors." 

MUntzing (1933) considered the sterility phenomena as due to the 

dependence of seed development on a correct quantitative relation between 

embryo and endosperm; this being relation dependent on the activating 



stimulus on egg and polar nuclei of the chromosome number of the male 

nuclei (aneuploidy). Higher chromosome number than normal in male 

gametes result in abnormal rapidity of cell division in the development 

of embryo and endosperm. Lower chromosome number result in slow growth 

of embryo and endosperm. On the other side, a variation in the 2:1 

relationship (style:pollen grain) results in the failure of the pollen 

tubes to pass through the style. 

Later, Stebbins (1945) gives the hypothesis that sterility in 

F'l individuals originates from genetic factors which are different from 

those which are responsible for the differences in external morphology 

and physiology of species. 

9 

Several classifications and definitions of the sterility phenome

non have been proposed during the years of research on interspecific 

hybridization. 

A classification of the sterility phenomena based on the stage 

at which it is produced was given by Renner (1929) cited by Dobzhansky 

(1951) and Muntzing (1930). They named the sterility which acts on the 

gametes haplontic sterility. Diplontic sterility would then be used 

when diploid tissue is affected: in the Fl before or at meiosis, and in 

zygotes or early embryos of the F2 generation, respectively. 

Dobzhansky (1951) classified the sterility of hybrids into two 

types: genic and chromosomal. Genic sterility being due to the genetic 

constitution of the hybrid organism and characterized by failure of the 

sex organs to develop and to go through the meiotic process, and by 

genically controlled abnormalities which affect spindle formation, 
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asynapsis or desynapsis. The chromosomal type of sterility is defined 

as the result of structural dissimilarities between the parental chromo

somes. 

The terms "genic and chromosomal sterility" proposed by 

Dobzhansky (1951) are considered meaningless by Stebbins (1970). He 

proposed a new classification of the sterility phenomena on bases of the 

scientific knowledge of the biochemical nature of the gene. Therefore, 

inversions, translocations and crossing over are feasible to occur with

in the confines of a single gene. 

Consequently, cryptic 'structural differences can also be ex

pected within individual genes. According to him, hybrid sterility 

characterized by abnormal development of the reproductive structures 

should be called developmental sterility. On the other hand, sterility 

which is produced by the abnormal segregation of chromosomes or genes at 

meiosis, should be called segregational sterility. 

Dobzhansky et al. (1977) define developmental hybrid sterility 

as "a special form of hybrid weakness in which the genic disharmony 

affects in particular the developing gonads or meiocytes." They consider 

this type of sterility as "a by-product of divergent selection for de

velopmental sequences which are associated with environmental factors." 

This type of sterility, by their definition of segregational hybrid 

sterility, is manifested by reduced chromosome pairing, multiple associa

tions of chromosomes and other abnormalities of chromosome behavior of 

meiosis, or "chromosomal repatterning." They consider this type of 

sterility more dependable on the number of rearrangements for which the 



hybrid is heterozygous rather than the amount of chromosomal material 

involved in a particular chromosomal rearrangement. 

11 

According to Grant (1977), the classification and definition of 

the causes of hybrid sterility are: genic, interaction of nuclear

cytoplasmic genes, and chromosomal. He defines genic sterility as the 

result of unfavorable combinations of nuclear genes which primarily 

prevent the formation of gametes. Sterility due to the unfavorable 

interaction of nuclear-cytoplasmic genes is his next cause of hybrid 

sterility. Chromosomal sterility, found in plants and animals, is repre

sented by translocations, inversions, and other arrangements that, in the 

heterozygous condition, cause semisterility or sterility. 

Stebbins (1958) defines and characterizes diplontic (genic) from 

haplontic sterility (chromosomal). According to him, diplontic sterility 

is due to disharmony between the genome of one parent and the cytoplasm 

of the other; on the contrary, he considers haplontic sterility as the 

result of structural differences between the pairing of chromosomes. 

Its effect being apparent only at the time of the formation of gametes, 

and being rare in animals, but common in the higher plants. 

Chromosomal sterility is characterized by a reduction in the 

amount of chromosomal pairing at meiosis (Stebbins and Tobgy 1944). 

Later, Stebbins (1950) observed chromosomal sterility with parental 

difference in chromosome number and taxonomic relationship. For those 

hybrids produced from parents differing in chromosome number and being 

distantly related, the abnormal meiotic behavior is manifested by un

paired chromosomes, irregular chromosome behavior, and aneuploid gametes. 
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On the other hand, closely related species should show an almost normal 

meiosis, with configurations typical of heterozygosity (inversions, 

trans1ocations). 

Criteria for Distinguishing Genic 
from Chromosomal Sterility 

Stebbins and Tobgy (1944) considered that the formation of an 

a11opo1yp1oid individual allows the distinction to be made between the 

two types of sterility by means of fertility tests. It was again 

recognized (Stebbins 1950) that after a11opo1yp1oids have been obtained, 

the decision as to whether the sterility is genic or chromosomal, or 

both, can be made. 

Stebbins (1958) provides a practical criterion for distinguishing 

between genic and chromosomal sterility after doubling the chromosome 

number. When sterility is chromosomal, a complete homology for every 

chromosome in the organism is obtained, besides, pairing and segregation 

are usually regular. However, if the sterility is genic and dip1ontic, 

the unbalance in the somatic tissue of the diploid is retained in the 

tissue of the tetraploid; therefore, sterility persists. When sterility 

is genic and haplontic, the effect of doubling the chromosome number is 

a change in the segregation ratios in the tetraploid which cause a rise 

in feri1ity. Following Stebbins' classification (1970) on the sterility 

phenomena, doubling of chromosomes overcome segregationa1 sterility, but 

not developmental sterility. 
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Hybrid Breakdown 

Stebbins (1958) defines hybrid breakdown as the result of dis

harmonious interactions of combinations of genes, and differences in 

chromosome structure of the parental species. Therefore, hybrid break

down allows the transmission of chromosomal deficiencies and duplications 

to the offspring which afford lethal effects during development. 

Hybrid breakdown is the last in the sequence of barriers to 

interspecific gene exchange. Grant (1977) exemplifies this statement by 

considering a species hybrid which is viable and fertile enough to re

produce. However, its progeny contains inviable, subvita1, sterile, and 

semisterile individuals which are the unfavorable recombination products 

of interspecific hybridization. Therefore, he defines hybrid breakdown 

as the depression of vigor and fertility in hybrid progeny. 

The degeneration of hybrid segregates, or hybrid breakdown, is 

due to either genic or chromosomal factors (Stebbins 1950). The recom

bination of genic factors affecting developmental processes will produce 

individuals not adapted to either parental environment. However, 

chromosomal factors allow the F1 to produce gametophytes in spite of 

having minute duplications and deficiencies, but when these types of 

gametes unite, an accumulation of two or more chromosomal abnormalities 

,in the zygote may be fatal to it. 

Stebbins (1945) attributes the weakness or sterility of F2 segre

gates to the disharmonious combinations of genes from the two parents. 

According to him, this limitation can be overcome by using different 

parental stocks. 
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Dobzhansky (1951), working on DrosophiZa pseudoobscUPa, attribut

ed to the existence of species-isolating genes with pleiotropic effects 

on morphological characteristics, the inviability of F2 segregates from 

an interspecific cross. Linkage between factors promoting sterility in 

hybrids and those responsible for visible morphological differences 

between the species, was considered to be the responsible factor in the 

obtained skewed genetic ratios in backcrosses of species hybrids to their 

parents and in the increased difficulty or inability to transfer a gene 

from one species to another by means of hybridization and backcrossing. 

Clausen, Keck and Hiesey (1941) considered hybrid breakdown as a 

reliable indicator of genetic relationship. Therefore, the fertility of 

Fl interspecific hybrids and the vigor of segregating F2 populations 

represent the degree of genetic relationship through the production of 

vigorous hybrids which can exchange genes without detriment to the off

spring. 

Grant (1971) considers hybrid breakdown as the mechanism by which 

the degree of genic balance within a species can be known. Genic un

balance being manifeste,d by F2 and later-generation progeny of dwarf, 

sterile, subvital, and aberrant individuals. 

MUntzing (1930) attributes the lack of seed production in hybrids 

to two factors: high degree of pollen sterility and lethal zygotic 

combinations. According to his investigation on hybrids obtained from 

the cross GaZeopsis Tetrahit x G. bifida, the sterility in backcrosses 

between Fl and the parents is selective. The basis of this assumption 
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is that gene combinations in the pollen approaching the parental types 

are more vital and functional than gametes of a more intermediate geno

type. 

According to Muller (1940) hybrid breakdown is due to the un

balance of complementary gene systems which is greater in certain F2 

individuals than in any of the Fl hybrids. As an example, suppose that 

in one species the gene A is balanced by the nonallelic gene B, while 

the corresponding genes a and b are complementary in a second species; 

but b is not complementary to A nor is a to B. Thus the parental com

binations AABB and aabb, and the FlAaBb, are balanced and viable. On 

the other hand, the F2 segregates will include genotypes like aaBB and 

AAbb, in which the genes are non-complementary, and produce the un

balanced effects. 

Examples of hybrid breakdown are given by Clausen, Keck and 

Hiesey (1940) in Onagraceae, by Clausen (1951) in Compositae, and by 

Grant (1966) in Polemoniaceae. The genus Papaver is also an example of 

hybrid breakdown on base of the production of lethal and semi-lethal F2 

zygotes (Faberge, 1944). He attributed this result to what he called 

"unsuitable gene combinations," and it was realized by him a higher 

proportion of inviable and disharmonious combinations in the F2 were 

produced between more closely related species. 

The genus Clarkia possesses well-developed barriers to gene 

exchange (Lewis 1953). The few obtained hybrids have all been sterile 

or nearly so when self-pollinated, backcrosses to either parent, or 

open pollinated. Lewis attributes these results to "extensive re

patterning of the chromosomes." 
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In reference to the genus LoZium, Jenkin (1954) attained mostly 

negative results depending on the species utilized as parental stock. 

When crossing L. ZoZiaceum x L. remotum~ the Fl had a 16% germination 

but when ba~kcrossed to either parent the germination percent was zero. 

The cross L. ZoZiaceum x L. temuZentum gave a Fl population with a very 

low germination and the seedlings were weak. The backcross of L. 

ZoZiaceum gave a 3.6% germination, but all seedlings died at a very 

early stage; and when using L. temuZentum pollen, the results were 

completely negative. However, the cross L. remotum x L. temuZentum had 

an Fl population with a 95% germination and the backcross to L. remotum 

produced entirely normal individuals. From these results, he concluded 

that in interspecific hybrids, several factors should be considered: 

a) hybrid fertility in relation with pollen of either parental species; 

b) ovary degree of response and fertility to a given type of pollen; 

and c) embryo-endosperm relationship at the germinating stage. 

Meiotic Behavior in Hybrids 

Sax (1935) attributed the regular meiotic pairing and normal 

fertility in interspecific hybrids to be a characteristic of those 

species differentiated only by genetic factors. On the other hand, 

partial and variable pairing was considered by him to be due to structur

al differences in the parental genomes or to the action of different 

genetic factors which inhibit chromosome pairing. Later, Stebbins (1945) 

states that "irregular meiotic divisions and pollen sterility are 

characteristic features of most species-hybrids." He classified the 
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meiotic disturbances in three types: a) failure of pairing at diakinesis 

or metaphase I; b) lack of synchronization at anaphase I or at later 

stages; and c) chromosome fragmentation (Stebbins 1958). 

Richardson (1936) classified the meiotic irregularities of 

structural origin as being of primary and secondary effect. First, she 

divides those of primary effect into two classes according with the 

amount of structural differentiation present in the nucleus. These are: 

1) the results of univalent formation which lead to lagging chromosomes, 

microcytes, and micronuclei, and if present in a large amount to 

restitution nuclei; and 2) the results of pairing or crossing-over, which 

are followed by a reduced chiasma frequency, associations of more than 

two, abnormal biva1ents, fragmentation, lagging chromosomes, and other 

difficulties of separation at anaphase owing to chromatid bridges. She 

considered as secondary effect of crossing-over between structurally 

differentiated chromosomes to the formation of new chromosomes which may 

be structurally changed. 

According to Sax (1935), the degree of chromosome pairing in 

interspecific hybrids can be used as an index of chromosome homology, 

genetic and species relationship. He advises that asynaptic factors 

such as lack of homology and genetic and environmental factors must be 

considered when studying chromosome behavior in species-hybrids. Besides, 

slight changes in chromosome structure are considered not to inhibit 

regular pairing, but to produce partial or complete sterility due to 

segmental deficiency following chromosome distribution at meiosis. It 

was considered by the same author that slight changes in genetic 
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constitution, genic balances, or environmental conditions may inhibit 

pairing of homologous and partially homologous chromosomes. Chromosome 

pairing in interspecific hybrids is not restricted to equal homologues. 

In the cross Layia platyglossa x Jonesii, three of the chromosome pairs 

consist of unequal partners (Clausen et al. 1941). 

Sturtevant (1937) suggested that a normal metaphase pairing 

which results in gametes with lethal duplications and deficiencies is 

due to a mechanism of inversion and reinversion of the same chromosome 

segment plus crossing-over in the reinverted segment. According to 

Stebbins (1945), those hybrids between closely related species possess 

a normal meiotic behavior (pairing and chiasma formation) as result of 

chromosome homology. Distantly related species lack chromosome homology 

and are characterized by lagging and bridge-fragment configurations. 

Nevertheless, Stebbins (1950) realized that pairing and chiasma 

formation could take place even though two chromosomes differ by as many 

as five or six segments which are large enough to produce lethality or 

semilethality of the gametes. 

Stebbins (1945) and Heiser (1949) considered the presence of 

fragments and chromatid bridges as indicators of structural hybridity 

for inversions; and to the presence of rings or chains as indicators of 

structural hybridity for interchanges of relatively large chromosomal 

segments. Additionally, Stebbins (1945) considered the sporocytes which 

contain unpaired univalents, lagging chromosomes, chromatid bridges, and 

acentric chromosomes as frequent features of hybrids. 



MUntzing (1934) studied meiosis in a hybrid between C~epis 

diva~aata and C~epis Diosao~ides. From his observations of fragments 
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at diakinesis and metaphase, and of bridges and fragments in first 

anaphase, he concluded that the chromosomes of the two species have 

homologous segments and that bridges and fragments are caused by crossing 

over in a somewhat different position of these segments in the pairing 

chromosomes. In reference to the fragments seen in diakinesis and meta

phase, he attributed their origin to the result of an association of non

homologous segments at pachytene. 

Richardson (1936) attributed the presence of chromatid bridges 

at second metaphase to the occurrence of crossing over not only between 

relatively inverted or translocated regions, but also between normally 

arranged segments of the chromosomes. She also explains the cause of 

the presence of single or double chromatid bridge with one or two frag

ments respectively, and of the presence of univalents. According to her, 

this type of separation may have its origin in crossing over between 

segments which are inversions not including the centromere, or, under 

certain conditions, of translocation and duplication. The degree of 

structural hybridity is related to the frequency of both bridge and 

univalents (Ribbands 1937). Ribbands considered bridges and univalents 

as the result of the presence and absence of chiasma respectively in 

structural changes. 

The hybrid between Allium aepa and fistulosum produced a high 

frequency of complete pairing, fragmentation, and chromatin bridges 

(Emsweller and Jones 1938). They attributed the origin of fragments to 



"unusual crossing over," and bridges were considered to arise from 

crossing over in inverted segments. In this regard, Stebbins (1938) 

considered that fragmentation is the result of chiasma formation in an 

inverted segment. 

According to their investigation on the genus Bromus, Stebbins 

and Tobgy (1944) considered the bridge-fragment configuration to have 

a minor role in sterility; however, it was considered as an indication 

of the presence of small structural differences between the parental 

chromosomes. Later, Stebbins (1945) stated that "the significance of 

bridges and fragments as causes of sterility in species hybrids is 

considerably reduced by the discovery that these configurations, and 

hence structural hybridity for inversions, are very common in some 

fertile species." 
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Lewis and Lewis (1955), working on the genus C~arkia, give to 

the structural rearrangement of the chromosomes an important part in 

species differentiation. They considered the accumulation of such re

arrangements in different populations as the source of barriers to gene 

exchange which lead to species formation. 

According to his investigation in P~atanus and Campsis, Sax 

(1933) concluded that the presence of chromosome pairing and at the same 

time of hybrid sterility of the chromosomal type should be expected in 

hybrids between closely related species. Sax (1935) also attributed the 

difference in genetic constitution and minor structural changes to the 

regular meiosis and fertility in hybrids between taxonomic species. 
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The study of metaphase configurations and analysis of chiasma 

frequencies in hybrids were considered by Anderson and Sax (1936) as the 

basis for finding data of phylogenetic significance in the genus 

Tradescantia. 

Stebbins (1958) states that in interspecific hybrids of higher 

plants, lack of synchronization is rarely found when the parental species 

are closely enough related so that their chromosomes are completely homo

logous with each other. 

Stebbins (1945) states that "hybrids with marked chromosomal 

irregularities come from parents which are, as a rule, more distantly 

related to each other, according to accepted taxonomic classification 

than are those species which form hybrids with more regular meiosis." 

Work done in the genus Crepis by Babcock (1947) is the basis for 

expecting the hybrids between species which are less related to be weak 

and sterile or, if vigorous, to be sterile or of very low fertility; 

whereas hybrids between more closely related species are expected to be 

vigorous and more or less fertile. On the other hand, it has been 

realized since 1935 (Sax 1935) the importance of environmental con

ditions on the meiotic behavior of chromosomes. He considered either 

high or low temperature as a cause of failure in chromosome pairing, and 

the environment to have greater effect on meiosis in hybrids. Therefore, 

he attributed greater protection to female gametophyte from the fact that 

fertility is greater for the egg cells than for the pollen in many 

species-hybrids. 
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Grant (1952) found that hybrids of Gilia millefoliata x Gilia 

aahilleaefolia had a low degree of pairing when grown in sand under poor 

nutritional conditions, but much better synapsis when grown in fertile 

soil. 

Guayule Hybridization 

Limitations to Germination 

Benedict and Robinson (1946) considered that the failure of 

guayule achenes to germinate is due to two factors which operate inde

pendently: 1) dormancy of an inner seedcoat which lasts 12 months or 

longer; and 2) embryo dormancy of about two month's duration. Roe (1944) 

considered light as the responsible factor in guayule germination. 

Similarly, Benedict and Robinson (1946) obtained a higher germination 

percentage in achenes germinated in the light than in the dark. 

Gibberellin, light, and depth of planting were also studied as 

factors for breaking dormancy in guayule achenes (Hammond 1959). All 

three factors were found to be of positive value in guayule. 

Dormancy was broken by treating the fruits with sodium or calcium 

hypochlorite (McCallum 1929). Benedict and Robinson (1946) found other 

compounds with positive action on the breakage of dormancy. They are: 

hydrogen peroxide, perchloric acid, and nitric acid. Other combinations 

of treatments have also been evaluated. Emparan and Tysdal (1957) con

sidered the combination of light, temperature, and sodium hypochlorite 

to be an effective treatment in the breakage of dormancy. Naqvi and 

Hanson (1980) found that younger seeds require higher concentration of 



sodium hypochlorite, and obtained 100% germination when seeds were 

washed and soaked in distilled water for 8 hours. After soaking, a 

treatment of 2 hours with a solution of 1:1 gibberellic acid (200 ppm) 

and sodium hypochlorite (1% for fresh seeds, and 0.25% for l-year-old 

seeds) was used. 

Reproductive Characteristics and Breeding 
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Within the genus Parthenium, guayule seems to be one of the most 

complex species. Guayule has enormous phenotypic variability, and 

possesses a complicated and unpredictable reproductive behavior. 

It was determined by Bergner (1946) that the basic chromosome 

number in guayule was 18. Powers and Rollins (1945) discovered the 

presence of apomixis in guayule. Apomictic strains were those with 

chromosome number of 2n = 3x = 54, 4x = 72, 5x = 90, and 6x = 108. 

These results were later confirmed by Esau (1946) in her study on the 

morphology of reproduction of guayule. She found anatomic evidence of 

the following phenomena in polyploid guayule: 

a) apomeiosis: omission of meiosis; 

b) generative apospory: development of the embryo sac directly 

from the megaspore mother cell; 

c) unreduced pseudogamy: the necessity of pollination for 

endosperm development, or at least for the stimulation of normal growth 

of the embryo; and 

d) facultative apomixis: condition which allows the presence 

of either apomictic or meiotic behavior in a single plant. 
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Strains with 2n = 36 chromosomes were classified by Powers and 

Rollins (1945) as sexual reproducing types. Later, Gerstel (1950) 

postulated the existence of one series of multiple alleles which control 

self-incompatibility in diploid guayule. He named these alleles Rl , R2, 

R3, and R4; with dominance in the pollen but not in the stigma of R2 

over the other alleles and of Rl and R3 over R4 . He assumed that in

compatibilities were sporophytically controlled. The type of incompati

bility found in guayule combines characteristics of the Niaotiana type 

(series of multiple alleles), Capsella type (sporophytic control), and 

of tetraploid Oenothera organensis type (dominance in pollen, but not in 

the style). 

Utilizing these variable reproductive mechanisms, guayule breed

ing has been directed to the formation of varieties having three major 

characteristics: 1) yield of more shrub per acre with a higher percen

tage of rubber in the plant; 2) greater resistance to disease; and 3) 

higher percentage of rubber under climatic conditions other than the wild 

stands (Hammond and Polhamus 1965). 

Interspecific hybridization at the sexual level (2n = 36 chromo

somes) has been considered by Gerstel (1950) as a mechanism which can 

have interference from self-incompatibility present at this chromosome 

level in the use of breeding techniques such as: inbreeding, sibcrosses, 

and backcrosses. Nevertheless, the use of polyploid guayule by Rollins 

(1946) resulted in successful crosses when using either diploid or tetra

ploid guayule with P. stramonium (2n = 36), and P. tomentosum (2n = 36). 

He considered those hybrids of 2n = 5x = 90 chromosomes obtained from the 
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cross of tetraploid guayule, having a mechanism of reproduction of non

reduction plus fertilization, with P. stramonium to be the most promising 

material. Unfortunately, he was not able to follow this research beyond 

the Fl generation. Tysdal (1950) found that these types of hybrids re

produced apomictically bred true, have twice the growth of pure guayule 

with about two-thirds the rubber content. He estimated the rubber 

production per plant to be 40% more in the hybrids than in the parents. 

Following the use of interspecific hybridization for potential 

improvement of guayule, Tysdal and Rands (1952) were able to produce 

BC2 individuals from the cross of guayule (polyploid) with P. stramonium. 

They took advantage of the presence of facultative apomixis, and'their 

results in relation to size and rubber present were promising. 

At the intraspecific level, with facultative apomixis as a 

mechanism of reproduction, reduction and non-reduction in chromosome 

number plus fertilization represent a feasible alternative for obtaining 

new combinations on which selection can be performed. 



MATERIALS AND METHODS 

The fruit of the Compositae is an achene, which is defined by 

Kearney and Peebles (1960) as "a small, dry and hard, indehiscent fruit, 

usually of one carpel and one seeded." It is pertinent to clarify that 

the term fruit will be utilized to name what is erroneously called "seed" 

in these species (Lloyd 1911; Rollins 1975). 

On the other hand, the term "germination" will mean, in this 

case, the appearance of the cotyledonary leaves during the germination 

test, but without passing this stage of growth. Appendix A gives defi

nitions for other terms utilized or related to this research. 

Fruit Source 

Origin, identification number, ploidy level and collection name 

for the materials involved in the crosses are given in Table .1. Some of 

the materials received more attention than others during the research, 

and others were utilized according with the availability of either disk 

or ray flowers in them. 

In reference to the fruit obtained from the National Seed 

Storage Laboratory in Fort Collins, Colorado, it represents a collection 

of guayule fruit which was kept in that institution at the end of the 

prior United States guayule program. The Rollins and Mason Collection 

(made in 1976 and 1977, respectively) represent recent wild materials for 

research projects on the genus Parthenium. 
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Table 1. General characteristics of the Parthenium species involved in the hybridization program. 

Collection 
Number 

11605 
11609 
565 
11604 
11619 
76055, 
76051 
76024 
76006 
76012 
76005-1 
3358 
3334 

3330 

3326 
3321 
3343 

3350 

Species 

P. argentatum 
P. argentatum 
P. argentatum 
P. argentatum 
P. argentatum 
P. argentatum 

P. frutiaosum 
P. inaanum 
P. argentatum 
P. argentatum 
P. argen tatum 
P. bipinnati fidum 
P. tomentosum 

var. tomentosum 
P. tomentosum 

var. tomentosum 
P. inaanum 
P. hysterophorus 
P. frutiaosum 

var. frutiaosum 
P. tomentosum 

var. stramonium 

Source 

National Seed Storage Laboratory 
National Seed Storage Laboratory 
National Seed Storage Laboratory 
National Seed Storage Laboratory 
National Seed Storage Laboratory 
National Seed Storage Laboratory 

Rollins Collection 
Rollins Collection 
Rollins Collection 
Rollins Collection 
Rollins COllection 
Mason Collection· 

Mason Collection 

Mason Collection 
Mason Collection 
Mason Collection 

Mason Collection 

Mason Collection 

Place of Chromosome 
Collection Number 

36 
Salinas, California 
Salinas, California 
Shaffer, Texas 72 
Salinas, California 
Salinas, California 72 

Nuevo Leon, Mexico 36 
Coahuila, Mexico 54 
Durango, Mexico 72 
Durango, Mexico 72 
Durango, Mexico 72 
Durango, Mexico 24 

Oaxaca, Mexico 36 

Pueb1a, Mexico 36 
Hidalgo, Mexico 
Tamau1ipas, Mexico 34 

Veracruz, Mexico 36 

Sonora, Mexico 36 

N 
-...] 
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Crosses for the production of interspecific hybrids were made 

during the summer of 1978 in a glasshouse which had a daily range of 

temperature of 80°F to 110°F (26.6°C to 43.3°C). It was located on the· 

campus of the University of Arizona in Tucson. Arizona. Backcrosses. 

sibcrosses. and self-pollinations were made in an additional greenhouse 

at the University of Arizona. Tucson. In this case. greenhouse tempera

ture during the research was 80°F (26.6°C). 

The technique utilized in the emasculation of the capitulum \.,ras 

as fol1ows: the disk flowers were remove.d with tweezers before the ray 

flowers were receptive. After this step. the inflorescence was covered 

with a glycine bag on which all information about date of emasculation. 

pollination. and parental identity was written. This type of bag allows 

observation of the stigma as it becomes receptive to pollen. Thenumber 

of days required from emasculation to pollination in these species and 

hybrids was of 6 to 8 days. Initially. pollination w~s made by putting 

in contact the stigma of the emasculated flower with the disk flower of 

the pollen source plant. In this case, the capitulum from the male 

parent needs to be cut. therefore. the use of individual male florets 

was later utilized. 

After pollination. a period of 5 to 7 weeks is necessary before 

harvesting the fruits. a good indication for this step being the complete 

dryness of the peduncle. 

With the objective of avoiding the possible effect of higher 

temperature at midday. emasculation and pollination were made by prefer

ence in early morning or late afternoon. 
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Threshing of the inflorescences was made by hand to reduce fruit 

loss. This requires the breaking of the capitulum, and the removing of 

the bract and male florets attached to the fruit. 

Hybridization 

The type of crosses, number of achenes obtained, and the species 

involved in them are presented in Table 2. With reference to P. 

frutiaosum, it was self-pollinated by bagging and shaking the inflores

cence, and emasculated without pollination with the objective of deter

mining its reproductive behavior. Rollins (1950) assumed P. frutiaosum 

to be sexual based upon its chromosome number, 36 chromosomes. P. 

argentatum was selfed to determine the extent of self-incompatibility. 

If present, no emasculation was considered necessary. Later, this 

phenomena was evaluated in Fl hybrids by selfing them. 

Germination Test 

Fruit obtained from interspecific hybrids in the summer of 1978 

and later in the backcross attempt during the summer of 1979, were 

treated with a solution of sodium hypochlorite at a concentration of 

0.5% for 3 hours to break dormancy. However, previous to the germina

tion treatment, a separation was attempted of empty and filled fruits by 

means of the use of skellyso1ve F. The criteria for the separation of 

fruit was that filled fruits would sink and the seedless would remain at 

the top (Whitehead and Mitchell 1943). In this case, the potentially 

germinab1e fruit were planted on wet blotter paper in a plastic petri 

dish, under room temperature conditions, and in greenhouse soil in 

styrofoam flats under normal greenhouse conditions. 



Table 2. Parents and number of crosses involved in the hybridization program. 
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CIS CIS 
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1 
P. argentatum 
(36 chromosomes) 56 69 15 128 35 38 28 187 

P. fruticosum 203 71 44 63 

Family 1- 79* 739 472 43 273 121 

Family 10-79** 743 251 1064 77 19 

Family 6-79*** 21 145 146 87 

P. argenta tum 
(polyploid) 62 7 156 40 120 52 46 14 

*Origin: Guayule {36 chromosomes) x P. fruticosum 76055. 
**Origin: Guayule (36 chromosomes) not emasculated x P. fruticosum 76055. 

***Origin: P. fruticosum 76055 x Guayule (36 chromosomes). 

VI 
0 
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A germination test of 1000 fruits was performed on those fruits 

which remained at the top of the container. The fruits were a bulk 

sample planted fn a plastic pot with greenhouse soil composed of two 

parts of sandy loam soil and one part of sand. 

Cytology 

Meiotic analysis of the interspecific hybrids was performed 

during the experiment. The technique in this case was as follows: 

several capitulam of predetermined approximate size were fixed in 

Carnoy's fluid during 24 hours and then transferred to 70% alcohol and 

kept refrigerated at 41°F (SOC). 

Rubber Analysis 

Rubber analysis was performed in the interspecific hybrids and 

both parents when they were IS months of age. This was made following 

the procedure of Garrot et al. (1981). 

Allopolyploidy 

One of the best criteria for detecting either chromosomal or 

genic sterility in hybrids is the doubling of chromosomes in the inter

specific hybrids. In this regard, apical buds were treated with a 

solution made of 1 gram of colchicine dissolved in 1 liter of DMSO 

(dimethylsulfoxide), which was used as a "carrier." The applied dose 

was of 10, 20, 30 drops and fast immersion of the bud in the solution. 

All buds were covered by a piece of cotton before treatment, bagged 

after it, and the cotton removed after approximately 24 hours. On the 
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basis of the negative results obtained from the former treatment, a new 

one was tested. It consisted of the application of colchicine to apical 

buds at the concentration of 0.1% and 1.0% in water as solvent. Also, 

in this case, 10, 20, and 30 drops were applied to the covered bud with 

cotton, bagged and left under treatment for about 24 hours. 

Pollen Fertility 

Pollen fertility was measured by microscope pollen counts. 

Pollen grains were collected from the two disk flowers located at both 

sides of the ray floret. Pollen grains were stained with acetocarmine. 

The criteri?n for the separation of viable and unviable pollen grains 

was as follows: pollen grains which absorbed the stain were considered 

to be viable. Pollen fertility counts were performed for pollen grains 

from capitulam which were unbagged, bagged with glycine and with cheese

cloth bags. 



RESULTS AND DISCUSSION 

The types of crosses and the species which initiated the hybridi-

zation program are shown in Table 3. 

Cross 5-79: P. argentatum SP (self-pollination) 

Microscopically identified diploid guayule (2n = 36) provided 

two plants which were utilized as female progenitor when required. Be-

sides, a lack of germination when using self-pollination frutos from 

these plants provided another indication of their diploid level. Self-

incompatibility in guayule is present only at this chromosome level. 

Cross 9-79: P. argentatum (polyploid) 
Intraspecific Cross 

The results of intercrossing polyploid guayule are shown in Table 

4. Table 4 shows the germination percentage for those fruits obtained 

from crosses in which the chromosome number of one of the parents was 

known. However, the total number of fruits obtained was 822, and germi-

nation was effectively zero. This result is attributed to the tempera-

ture which was present during the cross-attempt. 

The results of self-pollination of 76006 indicate the phenomenon 

of polyembryony should be considered as present in this species, and is 

due to the presence of supernumerary embryo sacs as have been reported by 

Esau (1946) in tetraploid guayule. This phenomenon is important due to 

the possibility of obtaining individuals with haploid chromosome number 

(from haploid embryo sac) or individuals produced through fertilization 
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Table 3. Germination percent obtained from inter- and intraspecific crosses in some species of 
Parthenium. 

Cross No. of No. of Percent 
Species No. Fruits Seedlings Germination 

P. argentatum (36 chrom) x P. frutiaosum 1-79 21 9 42.8 

P. fruticosum x P. incanum 2-79 71 8 11.2 

P. fruticosum ENP* 3-79 54 0 0 

P. fruticosum SP** 4-79 600 0 0 

P. argenta tum (36 chrom) SP 5-79 49 0 0 

P. fruticosum x P. argentatum (36 chrom) 6-79 44 4 9.0 

P. fruticosum x P. bipinnatifidum 7-79 63 6 9.5 

P. argentatum (36 chrom) x P. bipinnatifidum 8-79 15 0 0 

P. argentatum intraspecific polyploid crqss 9-79 497 2 0.4 

P. argentatum (36 chrom) NE*** x P. frutiaosum 10-79 35 28 80.0 

*Emasculation, not pollination 
"-

**Self-pollination. 
***Not emasculated. 

C".I 
~ 



Table 4. Germination percent obtained from intraspecific crosses in polyploid Parthenium argentatum. 

Cross No. of Fruits No. of Seedlings Percent Germination 

76015-3 x 76083 (54 chrom.) 10 0 0 

76061 x 76006 (72 chrom.) 45 0 0 

76022 (72 chrom.) x 76044-1 5 0 0 

76006 x 76005-1 28 1 3.57 

1491 x 76022 20 0 0 

1472 x 76006 10 0 0 

76006 x 76012 (72 chrom.) 20 0 0 

76022 x 76028-5 15 0 0 

76006 x 76061 15 0 0 

76083 (54 chrom.) x 1491 20 0 0 

76008 x 76006 4 0 0 

76006 SP* 90 1 1.1 

*Se1f-po11ination. 

V.J 
U1 
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and recombination from diploid or haploid embryo sacs. The presence of 

seedlings with four cotyledon leaves were found in about 5% of the 

seedlings. Seedlings with cotyledon leaves of abnormal shape were also 

found. The types of abnormal shapes found in seedlings were: presence 

of two cotyledon leaves, one of normal shape but smaller than the other 

due to an "extra piece" attached to it; three cotyledon leaves of the 

same size and shape; two cotyledon leaves, one bigger than the other, 

but of the same shape; different shape between the two cotyledon leaves, 

one normal and the other of cordate shape; and finally, two cotyledon 

leaves showing no separation and appearing to be a single unit. 

Polyhaploid development should be considered as very important 

in any guayule breeding program. Individual plants and native popula-

tions of this species may have different degrees of transitional re-

productive behavior between sexuality and obligate apomixis. The 

identification of individual plants may be necessary to evaluate breed-

ing behavior, especially for those lines possessing desirable agronomic 

and industrial characteristics. 

Cross 3-79 and 4-79: P. f~utiao8um ENP 
(emasculation, no pollination) 

and SP (self-pollination) 

The obtained results of emasculating and not pollinating this 

species supports the dependence of P. f~utiao8um on foreign pollination 

and fertilization for seed development. Response to self-pollination of 

this species was studied in three plants and germination percentage in 

all tests was zero (Table 3). No seed set was found in 600 fruits 
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obtained from this activity. Therefore, this species should be con-

sidered as dependent upon self-incompatible sexual reproduction. Chromo-

some number was confirmed to be 2n = 36 by microscopic observation. 

These characteristics allow this species to be used in crosses as female 

parent without practicing emasculation. However, potential variation in 

the wild stands for this character, as expected in diploid guayu1e, 

suggest the verification of each individual plant before its use in 

crosses without emasculation. The relationship of genes for se1f-

incompatibility in sexual guayu1e and P. fruticosum need additional 

research to determine whether commonality exists. 

Cross 1-79: P. argentatum (36 chromosomes) 
x P. fruticosum 

A germination percentage of 42.8 in F1 progeny between P. 

argentatum and P. fruticosum indicates the phenomenon of hybrid invia

bility is not present. The germinated fruits produced plants of diverse 

morphological characteristics. Offspring were identifiable as F1 hybrids 

but ranged in resemblance (leaf type) from one parent to the other. 

Higher percentages of germination were obtained when emasculation was 

not performed, as can be seen in cross 10-79 (Table 3). The failure of 

seed set for P. argentatum x P. frutiaosum is attributed to the damage 

of reproductive tissue by emasculation and not to practices of pol1ina-

tion. 

Cross 6-79: P. fruticosum x P. argentatum 
(36 chromosomes) 

Only four seedlings were obtained from 44 fruits (9% germination) 

in the reciprocal cross of 1-79 and 10-79 (Table 3). The hybrid plants 



obtained showed an unusual characteristic not observed in other hybrid 

plants. These plants produced reduced amounts of pollen in comparison 
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to those from the reciprocal cross. This was observed microscopically. 

The formation of necrotic tissue in the stamens of the disk flowers was 

observed. The presence of hybrid sterility before or during micro

sporogenesis is considered to be the cause of this phenomenon. Neverthe

less, the possible presence of pollen made necessary testing for 

self-incompatibility in the plants by bagging of the inflorescences. 

This consideration needs further evaluation. Offspring from the plants 

(187 fruits) were obtained and put in germination test, which gave a 

germination percentage of zero. Fruits were dissected and no seeds were 

observed. 

Hybrids from this cross differ phenotypically from those of the 

reciprocal cross only in smaller plant size and larger peduncles. The 

interaction between P. fruticosum cytoplasm and P. aPgentatum genes may 

be a cause of the weakness and sterility in the hybrids. In addition, 

the use of P. fruticosum as a female parent in an interspecific hybrid 

did not improve the degree of seed set either when the hybrids were 

backcrossed to guayule or when selfed (Table 5). The hybrids between 

these two diploid species are more easily produced when P. argenta tum is 

the female parent. 

Cross 2-79: P. fruticosum x P. incanum 

Emasculation was performed on the P. fruticosum plant, and the 

hybrids obtained represent the first report on the crossing of these 

two species. The obtained plants were phenotypically similar to the P. 



Table S. Number of fruits obtained from three breeding procedures, and response to the effect of 
skellysolve F on fruit separation (Summer 1979). 

Family 10-79 
(P. aT'gentatwn (36 chrom.) NE x P. fT'uticoswn) 

Family 6-79 
(P. fT'uticoswn x P. ar>gentatwn (36 chrom.)) 

Family 1-79 
(P. ar>gentatwn (36 chrom.) x P. fT'uticoswn) 

*Guayule sexual as recurrent parent. 
**By means of bagging inflorescences. 

Backcross* 
Before After 

306 102 

23 1 

322 113 

Self-pollination** 
Before After 

469 162 

11 8 

126 20 

***Female parent emasculated due to unknown self-compatibility behavior. 

Sibcross*** 
Before After 

80 18 

o 0 

o 0 

VI 
~ 
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frutiaosum parent. Leaf shape of the obtained individuals in~icated the 

offspring were, however, interspecific hybrids. The percent germination 

of fruit obtained was 11.2% (Table 3). This result supports the assump

tion made by Rollins (1950) about the outcrossing behavior of P. fruti

aosum. The obtained hybrids survived for 4 months and died before 

maturation. Genome imbalance may be the cause of hybrid lethality which 

is present before reaching the reproductive stage. 

Cross 7-79: P. frutiaosum x P. bipinnatifidum 

In spite of the low germination percentage for this cross (Table 

3), it can be said that the two species do hybridize under artificial 

conditions. from the six plants obtained, the sole survivor is actually 

3 years and 4 months old. It can be seen in Table 11 (pg. 51) that a 

65.3% germination was obtained from the cross of diploid guayule female 

with one of the hybrids as male. Therefore, a feasible alternative for 

the improvement of guayule can be the use of a third (bridging) species 

which would allow breakage of the limitation imposed by incompatibility. 

Segregation and selection for traits such as rubber percentage, size and 

growth rate, and length of life cycle may be performed using a bridging 

species to obtain new genetic recombinants. Problems do exist, however. 

The high germination percentage obtained from this cross does reflect 

the total loss of the seedlings. From these results, it is possible that 

P. bipinnatifidum and P. frutiaosum have a minor divergence in the genus 

Parthenium. 



Cross 8-79: P. apgentatum (36 chromosomes) 
x P. bipinnatifidum 
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No single hybrid plant was obtained when" crossing the two species. 

The few obtained fruits limited the opportunity to evaluate the relation-

ship between the two species. More attempts to cross these two species 

should be made since P. bipinnatifidum is a source of a short lift cycle 

of 6 weeks (Rollins 1950). Under cultivated conditions, guayule needs 

2 or 3 years before harvesting; therefore, genes for short lift cycle 

from P. bipinnatifidum may be very desirable. 

Table 5 shows the number of fruits obtained from backcrosses, 

sibcrosses, and self-pollination in interspecific hybrids performed 

during the summer of 1979. 

The results obtained per family are given in Table 5. In the 

case of family 10-79, a 2.94% germination occurred with backcrossing to 

guayulej self-pollinated and sibcrosses provided zero percent germination. 

In the case of backcrossing to family 1-79, a 0.88% germination was ob-

tained; self-pollination and sibcrosses had zero percent germination. 

Family 6-79 also gave zero percent germination with backcrossingand 

self-pollination. 

The individuals obtained did not survive beyond the seedling 

stage after transplanting. From these results, remnant achenes of these 

crosses were later planted in a 1:1:0.5 soil mix of sand, soil, and peat, 

respectively. No germination was observed. 

Factors such as whether achenes were filled or empty, fruit size, 

incomplete seed development, and incomplate removal of floral parts 

determined whether the achenes could sink. Fruit that sank often did 
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not germinate. Therefore, fruit weight (the basis of solvent separation) 

was either due to the presence of seed inside (for the germinated), or 

to other factors already mentioned. Fruits which remained at the top of 

the solvent were empty. GerminatiQn test of 1000 achenes which floated 

in skelly F produced zero germination. 

Ske11yso1ve F seems to perform better in the separation of 

guayu1e achenes. Table 6 shows that germination percentage for guayu1e 

pOlyploid and sexual is acceptable after fruit separation with this 

solvent. The sunken fruits were treated with sodium hypochlorite at 

0.5% during 3 hours after ske11yso1ve F separation. Ske11yso1ve F is 

recommended for use in guayu1e fruit separation, when used for a short 

time. In this test, those fruits of sexual and pOlyploid guayu1e which 

did not sink gave a germination percentage between 1 and 2 percent. 

With these results, a question arose during the research: Do 

guayu1e and interspecific fruits germinate because of the sodium 

hypochlorite treatment? The results of the first attempt to answer this 

question are given in Table 7. Fruit obtained from interspecific hybrids 

which were se1fed, backcrossed and open pollinated (greenhouse conditions), 

and fruit from se1fed pOlyploid guayu1e were the basis of this research. 

These fruits were not separated with ske11yso1ve and were not-treated 

with sodium hypochlorite. Each of the non-germinated fruits was checked 

for the presence of seed. None was observed. Germination does not 

appear to be affected by the sodium hypochlorite treatment or skelly F. 

Based upon this result, it is feasible to attribute the germina

tion results obtained in the guayu1e breeding programs to the positive 



Table 6. Effect of skelly F on the relationship between seed set and germination percent of 
Parthenium hybrids, diploid and polyploid individuals.--Fruits from open pollination 
conditions (greenhouse). 

No. Fruits No. Fruits No. of 
Before After Germinated Percent 

Source Skelly F Skelly F Fruits Germination 

Family 10-79 
(P. argentatum NE (36 chrom.) x P. frutiaosum) 1913 584 1 0.17 

Family 6-79 
(P. frutiaosum x P. argentatum (36 chrom.)) 584 105 0 0 

Family 1-79 
(P. argentatum x P. frutiaosum) 2028 609 0 0 

Polyploid guayule 
(76006 x 76012) 259 13 0 0 

Polyploid guayule 
(76006 x 76005-1) 167 5 1 20.0 

Polyploid guayule 
(76006) 158 55 34 61.8 

Diploid guayule 184 29 19 65.5 

~ 
VI 



Table 7. Relationship between germination percentage and fruit condition (empty or full) of various 
Parthenium materials. 

Source 

Family 1-79, SP* 
(P. argentatum x P. frutiaosum) 

Family 1-79, OP** 
(P. argentatum x P. frutiaosum) 

Family 6-79, OP** 
(P. frutiaosum x P. argentatum) 

Family 6-79 x diploid guayule 

Polyploid guayule, SP* 

*Self-pollination. 
**Open pollination (greenhouse). 

No. Fruits 
Under 

Germination 

768 

1011 

31 

411 

2233 

No. of 
Germinated 

Fruits 

1 

8 

o 

1 

142 

No. of 
Non-germinated 

Fruits with Seed 

o 

o 

o 

o 

o 

Percent 
Germination 

0.13 

0.79 

o 

0.24 

6.42 

.j:o. 

.j:o. 
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or negative effect of breeding behavior, fruit separation during the 

threshing procedure and to the temperature effect on the degree of se~d 

set for the material in study. Techniques for fruit separation, and 

planting techniques appear to be more important than chemical treatments 

if germination percent is to be improved. 

The results obtained during the summer of 1978 required repeating 

the crosses. Therefore, during the summer of 1980 a new attempt to pro

duce backcross individuals was made on the families studied. The re

sults are shown in Table 8. In this case, there was no attempt to 

separate the fruits on the basis of density by means of skelly F. Also, 

additional germination treatments were not applied to the fruits. Those 

non-germinated fruits were checked for the presence of seed. All non

germinated fruits were empty. The few individuals obtained died at 

seedling stage, principally after transplanting. 

The low germination percentage obtained during 1979 was not due 

to the action of the skelly F"on the fruit. Therefore, other factors 

were considered possible limiting factors: incompatibility, hybrid 

breakdown, and breeding methodology such as pollination bagging. 

Clycine and cheesecloth bags were studied to determine their 

effect on seed set when selfing, backcrossing, and sibcrossing the 

hybrids. The number of fruits obtained in each one of these practices 

is given in Table 9. These crosses were made during spring of 1981, and 

again the germination percentage was zero in all cases. Fruits were 

examined and no seeds were observed. Therefore, this factor should not 

be considered as the limiting one in the formation of generations after 

the Fl. 



Table 8. Number of fruits and germination percentage from backcrosses on interspecific hybrids of 
Papthenium (Summer, 1980). 

No. 
Material Fruits 

Family 10-79 
(P. apgentatum (36 chrom.) NE x P. fputicosum) 323 

Family 6-79 
(P. fputicosum x P. apgentatum (36 chrom.)) 72 

Family 1-79 
(P. aPgentatum (36 chrom.) x P. fputicosum) 311 

No. of 
Germinated Fruits 

6 

o 

6 

Percent 
Germination 

1.85 

o 

1.92 

.1>0 
0-



Table 9. Effect of pollination bag on seed set of three breeding methods on interspecific Parthenium 
hybrids (Spring, 1981). 

Source 

Family 10-79* 
(P. argentatum (36 chrom.) NE 

x P. fruticosum) 

Family 6- 79* 
(P. fruticosum x P. argenta tum 

(36 chrom.)) 

Family 1-79* 
(P. argentatum (36 chrom.) 

x P. fruticosum) 

Backcross 
Cheesecloth Glycine 

114 o 

so o 

11 93 

No. of Fruits 

Self-pollination 
Cheesecloth Glycine 

154 289 

79 100 

200 135 

*Germination percentage in backcross, self-pollination, and sibcross was zero. 

Sibcrosses 
Cheesecloth Glycine 

o 143 

o o 

20 10 

.j::. 

-...J 
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It was observed that the glycine bag is better in the performance 

of crosses in these species. The glycine bag type allows visual in

spection to determine when the stigma is receptive. The cheesecloth type 

requires the removal of the bag to observe the inflorescence. Removal 

of the bag causes the breakage of pedice1s and therefore, the loss of 

capitu1ums. 

Since the pollination bag type did not affect seed set, the next 

step was to study its effect on pollen fertility. The effect of bag 

type (glycine or cheesecloth) on pollen fertility was statistically 

analyzed by means of microscope counts of viable and nonviable pollen 

grains. Results are given in Table 10. The analysis of variance for 

the comparison between pollen fertility of unbagged and bagged in

florescences (glycine bag) indicated no difference in pollen fertility 

between these two treatments. In addition, there is no difference in 

pollen fertility produced by either type of bag. The degree of pollen 

fertility is due to hybrid unbalance of genic or chromosomal nature, but 

not to the bag effect. 

From both statistical analyses, lack of viable seed set is not 

due to the use of either type of bag. Therefore, the most probable 

limiting causes for hybrid progeny formation are the phenomena of 

incompatibility and hybrid breakdown. Further research on compatible 

allelic combinations or the artificial breakage of incompatibility can 

provide the opportunity of a practical use of the backcross breeding 

technique in these species. 



Table 10. Effect on pollen fertility between two types of pollination bags and unbagged in
florescences of Parthenium species and their hybrids.--Data in angles (angles = arc sin 
x v'percentage). 

Glycine Cheesecloth Unbagged 
Counted Counted Counted 
Pollen Percent Pollen Percent Pollen Percent 

Plant No. Grains Fertility Grains Fertility Grains Fertility 

6-79-1 354 47.41 874 45.23 

1-79-3 933 35.85 910 41.38 913 45.34 

1-79-2 972 43.34 876 43.45 649 41.15 

10-79-19 863 38.70 791 42.25 743 47.41 

10-79-11 845 47.93 939 48.91 800 52.12 

8 x 1482 (76055) 1 476 40.98 164 41.15 1091 49.60 

P. argenta tum (diploid) 633 86.81 

P. frutieosum 164 90.00 

""" \D 
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The availability of guayule sexual and diploid, interspecific 

hybrids and other Pa~thenium species made possible an attempt with other 

groups of crosses (Table 11). In the first place, it can be observed 

that the two different stocks of diploid guayule produces a 65% germi

nation. This supports the necessity of identifying single diploid 

guayule plants used as parents on the basis of its allelic behavior for 

incompatibility. The potential exists to find diploid guayule which 

could be self-compatible. 

In the case of crossing diploid sexual guayule with P. hyste~o

pho~us (2n = 34), the lack of germination can be attributed to the small 

number of obtained fruits (Table 11). Rollins (1946) also had diffi

culty crossing these two species. He was able to produce only two 

seedlings from a total of 867 fruits. In both studies, diploid sexual 

guayule was used as the female parent. 

The results obtained from the cross of diploid guayule with 

families 10-79 and 1-79, sibcrosses, and between families crosses, are 

attributed to the phenomena of either incompatibility or hybrid break

down. 

It is very clear that the use of a third species can help to 

break the possible limitation imposed by incompatibility. This is based 

upon the successful 65.3 percentage germination obtained when crossing 

diploid guayule with individuals of the family 7-79 (P. fruticosUm x 

P. bipinnatifidum). 

When crossing hybrid individuals of the families studied, and 

diploid guayule with polyploid guayule plants, the lack of viable seed 



Table 11. Number of fruits and germination percentage obtained from miscellaneous crosses in the 
genus Parthenium. 

Q) 

co ~ 
Q) ~ ~ ~ ~ 

~ 
C) cO '" § ~ :l oj< O'l 

cO C. O'l bI) O'l co t--
:l C) t-- t-- C) I § bI) ~ I '"d I tl 0 

I» ~ 0.-1 t-- .~ ~ $:! 
'"d ~ 0 ~ t:! 
0.-1 co >. ~ >. ~ >. tl 
0 ~ ~ ~ ~ ~ ~ $:! 
~ 0.-1 0.-1 0.-1 .~ 

P. E ~ E E 
0.-1 

~ 
cO 0 cO cO 

~ CI I.l..o c:l. I.l..o P.. I.l..o 

Diploid guayule 20/65.0t 28/0 38/0 128/0 187/65.3 213/27.6 35/0 -/ -

Family 10-79 
(P. argentatum NE (36 chrom.) 

x P. fruticosum) */* -/ - 71/0 143/0 -/ - -/ - 189/0 -/-

Family 6-79 
(P. fruticosum 

x P. argenta tum) */* -/- 37/0 105/0 -/- -/- 87/0 8/0 

Family 1-79 
(P. argentatum (36 chrom.) 

x P. fruticosum) */* -/- 30/0 239/0 -/ - -/ - 265/0 -/-

*Data in Tables 5, 8, and 9. 
**P. fruticosum x P. bipinnatifidum. 
tNumber of fruits/percent germination. 

tn ...... 



can be attributed to the presence in the polyploid guayule of the same 

incompatibility alleles found at the diploid level. 

Meiotic Studies 

Meiotic studies were focused on the hybrids P. argenta tum x 

P. frutiaosum. Microscopic observations suggest a very high degree of 

chromosome homology between these two species. Mean chiasma frequency 

was found to be 1.67. This value was obtained from chiasma counts of 

13 cells which were observed in diplotene. 

Bridges and chains were infrequent. Figure 1 shows chromosome 

behavior at metaphase I, bridging during anaphase I, and a diplotene 

stage. 

S2 

Ten drops of colchicine in water at a concentration of 0.1% was 

observed to be the best of the treatments utilized for chromosome 

doubling in the hybrids. All colchicine treatments eventually destroyed 

the tissue, but growth continued for a longer period of time at the 

0.1% concentration. 

Chromosome doubling was not possible for the determination of 

the presence of either genic or chromosomal sterility in these species. 

The measured pollen sterility appears similar to the description of 

Stebbins (1971) in this respect. He attributes gamete sterility to the 

unequal segregation of those genes which control gametophyte development. 

In this case, the hybrid individual has the genic balance in its somatic 

condition, but its meiotic products can be genically unbalanced due to 

unequal chromosomal segregation during gamete formation. The phenomenon 

of unequal segregation of genes controlling similar processes also can 
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Figure 1. Meiotic configurations of P. argentaturn (diploid) x P. fruti
cosurn hybrid. 

Top left: late diplotene with 18 bivalents. 
Top right: metaphase I with 18 bivalents and one univalent. 
Center: Anaphase I with bridges. 
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be considered as a possible factor in hybrid breakdown, due to the 

presence in fertilization of disharmonious interactions of genes. This 

limits the development of a normal embryo. 

Rubber Analysis 

The rubber percentage values obtained in the hybrids and parents 

are shown in Table 12. The expected reduction in rubber from hybridi

zation was observed. This is due to the presence of rubber only in P. 

argentatum and not in P. frutiaosum which contains no rubber. In the 

case of comparing rubber percentage between families 1-79 and 6-79, it 

was observed that the maternal parent influenced the rubber percentage. 

The obtained rubber percent of family 7-79 can be attributed to error 

during the laboratory analysis since the two species are reported as 

having no rubber in their tissue (Rollins 1950). The obtained values 

for diploid and polyploid guayu1e are not unusual rubber percentages in 

this species. 



Table 12. Rubber percent of interspecific hybrids and parental species. 

Material 

Family 1-79 
(P. argenta tum (36 chrom.) x P. fruticosum) 

Family 6- 79 
(P. fruticosum x P. argentatum (36 chrom.)) 

Family 7-79 
(P. fruticos~ x P. bipinnatifidum) 

Family 10-79 
(P. argentatum NE (36 chrom.) x P. fruticosum) 

Polyploid guayule 

Diploid guayule 

Mean Rubber 
Percentage 

0.90 

0.39 

0.19 

1.49 

5.24 

5.19 

No. of 
Plants Analyzed 

4 

1 

2 

4 

2 

2 

1I1 
1I1 



CONCLUSIONS 

The development of a source of domestic rubber from Parthenium 

species should involve intraspecific hybridization. Natural and arti

ficially created variability in P. argentatum should provide the 

necessary raw material for a successful fulfillment of the agronomic 

and industrial objectives. 

P. argentatum and P. frutiaosum hybridize easily under artificial 

conditions. However, the transference of P. frutiaosum characteristics 

to P. argentatum through conventional plant breeding techniques is 

limited by either incompatibility or hybrid breakdown. The former is 

considered as the factor responsible for very low seed set during back

crosses, sibcrosses, and selfing of all the materials studied. The 

mortality of the few seedlings obtained is attributed to hybrid break

down. Seedling management and optimum environmental conditions should 

be considered unless hybrid breakdown is observed. 

In the hybridization of P. argentatum with P. frutiaosum, the 

former species provided better hybrid seed set and higher rubber per

centages when used as female parent. In addition, self-incompatibility 

in guayule allows crossing without· emasculation. 

Germination percentage in Partheniu~ depends primarily on seed 

set. Chemical treatments were not as important as previously reported. 

Improvement of the degree of seed set through breeding techniques and 

knowledge of optimum germination conditions are required if germination 

percentage is to be improved. 
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Interspecific Parthenium hybrids represent an adequate research 

material for studies of mechanisms such as incompatibility, hybrid break

down, and their potential as sources of desirable agronomic characteris

tics. 

Agronomic, chemical, economic, biochemical, and industrial 

activities made in the past and present on P. argentatum have shown the 

necessity of a major scientific effort directed toward this species. 



APPENDIX A 

DEFINITIONS OF ESSENTIAL TERMS 

1. Hybrid: "The definition of a hybrid depends upon what one calls a 

species" (Huskins 1929). An individual which results from the 

union of unlike gametes. The gametic differences may involve 

gene mutation, chromosome morphology, chromosome number, or 

various combinations of these variations (Sax 1935). 

2. Hybridization: Crossing between individuals belonging to separate 

populations which have different adaptive norms; and its outcome 

depending very strongly upon the environment in which it takes 

place (Stebbins 1959). In this sense, hybridization represents 

a reversal in the process of evolutionary divergence (Grant 

1971). 

3. Partially sterile hybrid: Individuals which produce only 5 to 10 

percent of the normal number of offspring and possess an abnormal 

meiosis (Sax 1935). 

4. Structural hybrid: Those individuals in which the parental genomes 

differ in chromosome structure caused by rearrangement of 

chromosome segments (Sax 1935). 

5. Species: Clausen, Keck, and Hiesey (1939) gives the experimental 

concept of species in a tabular form: 
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Degree of 
Separation 

In different 
environments 

In the same 
environment 

The Concept of Species* 

Hybrids 
Hybrids partially 
fertile, sterile, 
second second 
generation generation 
vigorous weak 

Distinct Distinct 
subspecies species 
ECOTYPES ECOSPECIES 

Species 
Local overlapping 
variations in cornmon 
of one territory 
species (with hybrid 
BIOTYPES swarms) 

Hybrids 
sterile 
or none 

Distinct 
species 
complexes 
CENOSPECIES 

*The systematic units based on experimental evidence are in capitals, 
their homo10gues based on external characteristics are in italics. 
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Dobzhansky et a1. (1977) define species as Mendelian populations 

between which the gene exchange is limited or prevented by 

reproductive isolating mechanisms. 

6. Types of species hybrids (in plants): 

a. Completely sterile hybrids in which introgression cannot 

occur. 

b. A110po1yp10ids in which the sterility is overcome by a 

doubling of the chromosomes. 

c. Hybrids in which cytological mechanisms perpetuate the 

hybrid (Oenothera). 

d. Hybrids not completely sterile, so introgression may take 

place (Heiser 1949). 



60 

7. Haplontic sterility: Degeneration of spore tetrads and gametophytes 

between the time of meiosis and anthesis. Abortion of pollen 

grains and ovules are its main characteristics (Renner 1929). 

8. Haplontic genic sterility: Sterility produced ~s a result of the 

segregation to the gametes of disharmonious combinations of 

genes (Oka 1952). 
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