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Oil Content and Fatty Acid Composition of Seed Oil from Guayule
Plants with Different Chromosome Numbers
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Guayule, a perennial desert plant, is being developed for
domestic production of natural rubber, a strategic com-
modity for which the United States presently depends
totally on foreign sources, At present, rubber alone is not
sufficient to make guayule a commercial crop, and addi-
tional revenues are being sought from by-products. Because
guayule flowers profusely during several years of growth
before it is harvested for rubber, seed may also contribute
to the economics of guayule production. Seed from 120
plants, including 20 genotypes with 36, 37, 54 and 72
chromosomes, were analyzed for oil content and fatty acid
composition. Oil content ranged from 17.1 to 30.5%. On
average, seed from diploid and aneuploid plants (with 36
and 37 chromosomes) contained 40.4% more oil than the
seed from polyploid plants. The oil consisted of four fat-
ty acids—palmitic (8.7-11.5%), stearic (3.7-6.2%), oleic
(6.5-13.9%) and linoleic (69.1-80.2%)—at all ploidy levels.
Guayule seed oil was similar to the seed oil from high-
linoleic safflower varieties. The use of genetic variation to
increase seed yield and seed oil will depend on the absence
of negative correlation between oil and rubber production.
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Guayule (Parthenium argentatum A. Gray) is a promising
source of natural rubber for semiarid and arid zones of the
world. During the last decade, the United States Depart-
ment of Agriculture (USDA) and the land-grant universities
of the Southwest have conducted extensive research to im-
prove rubber yield (1-3). The ultimate goal is domestic pro-
duction of some of the nation’s needed natural rubber, a
strategic commodity of vital importance.

To generate additional revenues from the rest of the plant
after rubber is extracted, efforts are also being made to find
viable markets for guayule by-products such as resins,
bagasse, leaves, waxes and whole-plant oils (4,5). Because
guayule flowers profusely under adequate light, moisture
and temperature conditions, it has been suggested that the
seed may also contribute favorably to the economics of
guayule production (6).

The majority of guayule plants found in natural popula-
tions in Texas and Mexico and the selections developed by
plant breeders are polyploids with 54 and 72 chromosomes
(2,3,7). Polyploid guayule produces seed by facultative apo-
mixis, the simultaneous occurrence of sexual and asexual
reproduction by seed (8). Apomictically produced seed is a
clone of the plant from which it was collected and has the
same genotype. Diploid plants with 36 chromosomes have
also been found (9). Diploids have a limited range of distribu-
tion and have been collected primarily from several popula-
tions near Mapimi in Durango, Mexico (3,7). Seed produc-
tion in diploid guayule is by sexual means. Sexual reproduc-
tion generates genetic recombination, a prerequisite for con-
tinued crop improvement through plant breeding method-
ologies.

Information on guayule seed oil content at different ploidy
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levels is scarce. In a study of 113 plant families, Earle and
Jones (10) reported that guayule seed contains 24% oil and
34.9% crude protein. More recently, Banigan et al (4)
reported that a sample of seed obtained from mixed guayule
varieties contained 26.9% oil and 38.9% crude protein. The
present investigation was undertaken to determine oil con-
tent and fatty acid composition of seed oil obtained from
guayule genotypes with different chromosome numbers.

EXPERIMENTAL PROCEDURES

Materials. One-hundred and twenty guayule plants from
two separate experiments were used in this study. The
first experiment provided seed from sixteen 3-year-old
polyploid genotypes (nine USDA varieties: A48118, N396,
N565, N56511, N575, N596, 4265XF, 11591 and 12231;
the standard variety 593, which was planted extensively
during World War 1I; and six California selections: C249,
C250, C251, C254, C255 and C355). Five plants from each
genotype were used. The second experiment provided seed
from four 2-year-old genotypes with 36, 37, 54 and 72
chromosomes. Each genotype was represented by ten in-
dividual plants. Heads (inflorescences) were hand-collected
from May through October in both experiments. After
threshing and cleaning the seed, two 2-g seed {achene)
samples from each plant were used for chemical analyses.
No chromosome counts were made to determine triploid
or tetraploid nature of the polyploid genotypes in the first
experiment. Chromosome counts were made for every
plant in the second experiment by previously described
procedures (11).

Chemical analyses. Oil contents were obtained by grind-
ing two 2-g seed samples per plant in a Wiley mill, extract-
ing the oil with petroleum ether in a Soxhlet extracting
chamber, drying and weighing the residue and determin-
ing the weight of the oil by difference. Fatty acid com-
position was determined by gas-liquid chromatography
of methyl esters of fatty acids prepared by acid meth-
anolysis (12) on a Varian Model 3700 gas chromatograph
(Varian Associates, Palo Alto, CA), equipped with a flame-
ionization detector.

Statistical analysis. The data were analyzed by means
of Analysis of Variance, and Duncan’s Multiple Range Test
was used to compare means of guayule genotypes at a 0.05
level of significance.

RESULTS

Table 1 presents oil content and fatty acid composition
of the seed oil from 16 polyploid guayule genotypes used
in the first experiment. The oil content ranged from 17.1
(genotype N565) to 26.9% (genotype 4265XF). The oil con-
sisted of two saturated fatty acids (palmitic acid, 16:0,
ranging from 8.7 to 11.5%, and stearic acid, 18:0, ranging
from 3.7 to 6.2%); one monounsaturated fatty acid (oleic
acid, 18:1, ranging from 6.5 to 13.9%); and one polyun-
saturated fatty acid (linoleic acid 18:2, ranging from 69.1
to 80.2%).
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TABLE 1

Oil Content and Fatty Acid Composition of Guayule Seed from 16 Polyploid Genotypes?

Relative fatty acid composition

0Oil

Genotypes content (%) Palmitic Stearic Oleic Linoleic
A48118 20.7 10.7 4.2 10.8 74.3
N396 20.1 11.5 3.7 13.9 70.9
N565 17.1 10.3 4.9 11.2 73.6
N565 11 23.6 104 4.2 10.4 75.0
N575 22.3 10.7 4.7 10.8 73.8
N595 20.8 10.5 4.8 10.1 74.6
4265XF 26.9 10.6 5.2 10.3 739
11591 25.56 10.4 3.7 9.1 76.8
12231 19.5 10.4 5.1 9.7 74.8
593 23.1 11.2 6.2 13.5 69.1
C249 26.1 9.5 4.1 8.3 78.1
€250 20.6 9.5 3.7 8.9 71.9
C251 26.6 9.9 4.4 7.8 77.9
C254 25.6 9.5 4.3 6.5 79.7
C255 20.1 8.7 4.1 7.0 80.2
C355 26.6 9.5 4.0 6.8 79.7
LSDg 3 2.64 1.52 0.81 1.91 2.68

@V alues represent the average of duplicate runs of five replicates. LSD, least significant

difference.

TABLE 2

Qil Content and Fatty Acid Composition of Guayule Seed from Genotypes with 36, 37,

54 and 72 Chromosomes?

Relative fatty acid composition

0il
Genotypesb content (%) Palmitic Stearic Oleic Linoleic
Diploid (36) 30.5 11.3 4.1 12.2 72.4
Aneuploid (37) 30.3 11.1 4.3 12.5 72.1
Triploid (54) 21.3 10.6 4.9 10.4 74.1
Tetraploid (72) 22.0 10.7 5.0 12.1 72.2
LSD(q.05 1.93 1.32 0.61 117 2.16

2V alues represent the average of duplicate runs of ten replicates. LSD, least significant

difference.
Chromosome number in parentheses.

Table 2 summarizes the results from the second experi-
ment. The oil content averaged 30.4% for the diploid and
aneuploid genotypes (plants with 36 and 37 chromosomes)
and 21.6% for the two polyploid genotypes (plants with
54 and 72 chromosomes). On average, diploid and aneu-
ploid seed contained 40.4% more oil than polyploid seed,
a statistically significant difference. The oil from triploid
seed had significantly less oleic acid than the oil ob-
tained from diploid and tetraploid seed. Compared to
triploid and tetraploid, diploid seed was significantly
lower in stearic acid.

DISCUSSION

Guayule seed oil is not unique. The fatty acids found in
guayule seed oil are the common fatty acids present in
a number of vegetable oils. Knowles (13) reported that
standard high-linoleic safflower (variety US-10) has 7.9%
palmitic acid, 2.4% stearic acid, 17.9% oleic and 71.8%
linoleic acid. Averaged over all plants from all ploidy levels,
guayule seed oil contains 10.4% palmitic acid, 4.5% stearic
acid, 10.1% oleic acid and 75.0% linoleic acid. Guayule and

JAOCS, Vol. 70, no. 5 (May 1993)

safflower oils share the same kinds of fatty acids but they
are different, to some extent, in the proportions of those
fatty acids. Guayule oil contains more palmitic, stearic
and linoleic, and less oleic acid than safflower oil.
Diploid seed had considerably higher oil content than
the seed obtained from triploid and tetraploid plants. This
may suggest that diploid genotypes produce more oil per
unit area than polyploid genotypes. Qil yield per hectare,
however, is also a function of seed yield. At present, no
information on seed yield of diploid and polyploid geno-
types is available. In one study (3), it was observed that
the mass of diploid seed was 20-34% lower than that of
polyploid seed. The presence of an extra chromosome at
the diploid level (aneuploid plants with 37 chromosomes)
did not alter oil content or fatty acid composition of the
seed. This suggests that the extra chromosome does not
carry genes that affect oil production. Additional aneu-
ploids involving other chromosomes must be tested before
a conclusion can be drawn regarding the effect of extra
chromosomes on seed oil content and oil composition.
The observed genetic variation for oil content and
relative amounts of fatty acids is encouraging as far as
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TABLE 3

Rubber Content of 12 Guayule Genotypes

Rubber content

Genotype (%)
A48118 3.32 (14)¢
N396 6.44 {14)
N565 4.11 (14)
N56511 15.2 (15)
N575 6.85 (14)
11591 4.98 (14)
12231 5.14 (14)
593 5.22 (14)
C250 7.72 (16)
C254 7.18 (16)
C255 6.58 (16)
C355 5.20 (16)

%The number in parentheses gives the reference in which the rubber
content was reported.

breeding for improved oil content is concerned. However,
the effects that the increase in seed yield and seed oil con-
tent may have on rubber and resin production of the plant
{compounds of primary interest) are not yet known. Rub-
ber yield of a guayule plant may be independent of,
positively correlated with or negatively correlated with
the seed yield and seed oil content of the same plant. Table
3 was constructed from published data (14-16) to show
the rubber content for 12 of the guayule genotypes used
in the present investigation. The correlation coefficient
between the rubber content (data of Table 3) and the seed
oil of the same genotypes (Table 1) was found to be small
(r = 0.22) and statistically nonsignificant. The data sug-
gest that oil content and rubber content are independent
traits, and breeding for increased oil content, without
adversely affecting the rubber content, is possible. This
conclusion, however, needs to be verified by additional ex-
periments in which rubber content, seed yield and seed
oil content are measured simultaneously on the same
plants growing in the same environment.
Experimental data on seed yield of guayule per hectare
is not available. Estimates ranging from 5 to 200 kg seed
per hectare per year are cited in the literature (7,17). With
such levels of productivity, guayule can hardly be con-
sidered a competitive oilseed crop, especially when it is
realized that a similar oil may be obtained from more pro-

ductive crops, such as safflower and sunflower. However,
in commercial rubber production, thousands and thou-
sands of hectares are expected to be occupied by guayule
plants for several years. Seed production from those fields
will not include the cost of raising the crop, but only the
costs associated with harvesting, threshing and cleaning
the seed. If the price of seed could offset the cost of seed
production and leave a small profit for growers, one may
expect a substantial revenue when the total area under
cultivation is taken into consideration.
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