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Abstract: Composition of anacardic acids (phenolic acids known to be associated with small pest resistance in Pelargonium
xhortorum) was examined in 13 diploid and 25 tetraploid cultivars by high-performance liquid chromatography (HPLC). The
presence of an unusual desaturation (omega (w)-5) in the alkyl tail of anacardic acids present only in glandular trichome
exudate of pest-resistant diploid inbred lines had previously been associated with a sticky-trap pest-resistance phenomenon.
In this study, we examine Pelargonium cultivars for variability in anacardic acid composition to assess the distribution of w5
desaturation among commercial cultivars, to determine possible interactions between »5 desaturation and other plant
desaturation mechanisms, and to examine the possible impact of ploidy on w5 desaturation. An unsaturation index (UI) is
derived to compare exudates differing widely in composition yet which may provide a similarly effective sticky-trap pest-
resistance mechanism based on exudate viscosity. ®-5 Anacardic acids were observed in the glandular trichome exudate of
all 38 commercial cultivars examined. No diploid cultivar produced w5- and w9-anacardic acids, although the simultaneous
production of w5 and w9-anacardic acids was observed in three tetraploid cultivars. Total w5-anacardic acids comprised from
42.4% (tetraploid cultivar Perlenkette—syn. Snowhite, Weiss) to 86.8% (tetraploid cultivar Amanda). Commercial P.
xdomesticum cultivars had no w5 anacardic acids. Uls ranged from 60.9 (tetraploid cultivar Dixieland) to 103.4 (diploid
cultivar Pinto White). In contrast, anacardic acids collected from a pest-susceptible inbred line contained no w5-anacardic
acids and had a UI of 38.7. No significant differences among ploidy levels were observed for Uls or for most specific anacardic
acid components, with the exception of 24:1 w5-anacardic acid, in which the mean diploid value (32.1%) was significantly
higher than that of the mean tetraploid value (27.6%). We conclude that w5-anacardic acid production occurs in all
Pelargonium cultivars observed and that these cultivars are predicted to exhibit resistance to small arthropod pests.
Significant genetic variability in specific anacardic acid composition appears to exist among Pelargonium cultivars, suggesting
that breeding for pest resistance can be readily monitored by HPLC of anacardic acids.

Garden geranium cultivars (Pelargonium xhortorum) are resis-
tant to many small arthropod pests. A class of simple phenolic
acids, anacardic acids (3’ alkyl salicylic acid), was discovered to
be produced by a diploid P. xhortorum inbred (71-17-7) by
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Gerhold et al. (1984) and to be directly responsible for a sticky trap
mite-resistance phenomenon investigated by Walters et al. (1989b).
Walters (1988) further demonstrated that the anacardic acids from
the resistant phenotype were characterized by the presence of an
unusual unsaturated [omega (w)-5] alkyl group. The w5 notation
indicates that the double bond is located between the fifth and sixth
carbon from the methyl end of the alkyl chain. Susceptible pheno-
types lack this unusual double bond. Grazzini (1993) determined
that the inheritance of the presence of a single double bond in the
35 position was under the control of a single dominant allele. The
presence of w5 desaturation also appears to determine the effec-
tiveness of the exudate as a sticky trap (Walters et al., 1989a).
Exudate containing large amounts of w5-unsaturated anacardic
acids is fluid, adhesive, and effective as a sticky trap; exudate
composed mostly of saturated anacardic acids is waxy, nonadhe-
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sive, and without apparent effectiveness as a sticky-trap.

In addition to sticky-trap properties, anacardic acids have also
been observed to have direct pesticidal properties via contact
toxicity (Gerhold, 1984; Stark, 1975) and via a reduction in
fecundity (Grazzini, 1993). Grazzini et al. (1991) demonstrated
that crude exudate from a resistant geranium inbred and purified
anacardic acids caused in vitro inhibition of prostaglandin endop-
eroxide synthase and lipoxygenase, enzymes known or suspected
to be involved in insect reproduction (Brady, 1983; Stanley-
Samuelson, 1987; Stanley-Samuelson and Loher, 1986; Stanley-
Samuelson et al., 1986).

Our previous studies have been restricted to inbred lines from
avery narrow genetic base. Most of the research compared a single
highly resistant inbred (71-17-7) with a single highly susceptible
inbred (71-10-1). Walters et al. (1990) determined that these two
lines differed in their production of w5-anacardic acids, with
exudate from the resistant inbred containing >80% wS5-anacardic
acid, while exudate from the susceptible inbred contained only a
small percentage (if any) of wS5-anacardic acid. Hesk et al. (1991)
refined Walters’ anacardic acid analytical system to include mite-
susceptible genotypes. They determined that the susceptible in-
bred (71-10-1) produced anacardic acids with saturated straight
alkyl chains, branched alkyl chains, and unsaturated and polyun-
saturated alkyl chains in which the double bonds are at positions
other than those found in the resistant inbred (71-17-7). Hesk et al.
(1991) observed almost no w5-unsaturated anacardic acids in
susceptible inbred lines.

Walters et al. (1990) examined the anacardic acid composition
of F, hybrids between 71-17-7 and 71-10-1 and determined that the
F, had elevated levels of 22-carbon anacardic acids with a corre-
sponding decrease in levels of 24-carbon anacardic acids. Grazzini
(1993) suggested that the elevated 22-carbon levels could be
explained by either single gene heterosis or complementary domi-
nant epistasis. If the elevated levels of 22-carbon anacardic acids
were a general effect of heterosis in Pelargonium, then many F,
combinations could be expected to have elevated levels of 22-
carbon anacardic acids. However, if the occurrence of elevated
levels of 22-carbon anacardic acids resulted from an epistatic

interaction, then elevated 22-carbon levels among F, hybrids
would not be a common occurrence.

The presence of w5 unsaturation as an explanation for pest
resistance and anecdotal observations of varying degrees of small-
pest susceptibility among vegetatively propagated P. xhortorum
cultivars suggested a possible relationship between variation in
anacardic acid composition and pest susceptibility. In this study,
we examined 13 diploid (HOR2) cultivars (including hybrid seed-
propagated cultivars) and 25 tetraploid (HOR4) cultivars (includ-
ing two seed-propagated cultivars) for possible variation in
anacardic acid composition.

Materials and Methods

Plant material. Tissue specimens from commercial cultivars
were sampled from the Penn State Univ. trial gardens (August
1991) and the greenhouses of the Depts. of Horticulture and
Entomology (February 1992). The well-characterized pest-resis-
tant (71-17-7) and pest-susceptible (71-10-1) HOR?2 inbreds used
in previous studies of Pelargonium trichome biochemistry were
sampled during both time periods. Plants were grown under
standard field conditions (including weekly overhead watering) or
under standard greenhouse conditions. All plants were growing
vigorously and of healthy appearance.

Chemical analyses. The analyses for anacardic acid content of
the cultivars and the calculation of the unsaturation index (UT) for
the anacardic acids were performed as described in Grazzini et al.,
1995.

Results and Discussion

Diploid inbreds, cultivars and F, hybrids. Anacardic acid
composition of 13 diploid inbreds, commercial diploid vegeta-
tively propagated cultivars, and commercial seed-propagated F|
hybrids are presented in Table 1. All plants examined except for the
mite-susceptible 71-10-1 had an exudate comprised predomi-
nantly of w5-unsaturated anacardic acid and, therefore, are likely
to be resistant to small arthropod pests. There was, however, a

Table 1. Anacardic acid composition of selected diploid Pelargonium xhortorum cultivars.

Percentage of major anacardic acid components®

Diploid (HOR?2) 22:1 24:1 C23:1 22:0 C23:0 24:0 24:1 24:2

cultivar or inbred line w5 w5 w6 anteiso’ w9 6,9 Ul
Pinto White (F)) 31.7 39.7 0.0 12.6 0.0 0.0 0.0 16.0 103.4
Red Elite (F)) 25.4 37.1 33 6.5 6.1 7.6 0.0 14.0 93.8
Hot Pink Orbit (F)) 36.7 28.2 2.9 10.5 4.4 4.3 0.0 12.9 93.7
Salmon Orbit (F)) 253 37.2 2.7 6.4 5.3 8.4 0.0 12.9 91.1
Pinto Red (F)) 46.5 23.9 34 9.1 53 3.8 0.0 8.0 89.8
Ringo Deep Scarlet (F)) 49.3 29.7 4.6 6.5 5.3 2.8 0.0 0.0 83.6
Multibloom White (F,) 14.5 35.1 0.0 23.3 3.7 7.0 0.0 13.6 76.8
Red Orbit (F)) 25.7 259 3.8 11.6 8.5 16.1 0.0 4.7 64.8
Ben Franklin 36.0 30.9 2.3 7.2 4.3 9.0 0.0 10.3 89.8
Snowmass 332 28.8 4.9 7.3 4.5 12.3 0.0 73 81.4
Stadtbern 54.7 24.5 0.0 8.4 6.6 5.8 0.0 0.0 79.2
PSU 71-17-7* mite-resistant 38.9 41.7 4.8 49 2.0 1.4 0.0 0.3 86.0
PSU 71-10-1* mite-susceptible 0.0 0.0 0.0 26.8 7.5 25.3 7.3 15.7 38.7
Mean 35.0 32.5 2.8 9.3 4.5 6.5 0.0 8.3 86.9
SE 3.2 2.1 0.5 1.5 0.7 1.3 0.0 1.6 2.9

?Only major components are reported; therefore, values may not sum to 100%.

YThe 16-carbon chain possesses a methy] branch at the w3 position.

*Standared mite-resistant cultivar used by our laboratory for comparison purposes.
wStandard mite-susceptible cultivar used by our laboratory for comparison purposes.
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substantial amount of variation in composition among inbreds and
among cultivars. All possessed substantial amounts (4.7%t0 16%)
of w6,9-unsaturated anacardic acids, except for ‘Ringo Deep
Scarlet’ and ‘Stadtbern’. The Ul is inversely related to the viscosity
of the exudate. The mite-susceptible cultivar 71-10-1 possesses a
Ul of 38.7, giving rise to an amorphous exudate and not providing
mite resistance. All other diploid cultivars possessed Uls of much
higher values (65 to 103), which we would expect would provide
the exudate with the necessary fluidity to act as a sticky trap.

Of the commercial cultivars we observed, ‘Pinto White’ had the
highest unsaturated anacardic acid composition, with a Ul of
103.4, whereas ‘Red Orbit’ had the lowest, with a value of 64.8.
These values suggest that the tall glandular trichome exudate of
‘Pinto White’ would be much more fluid than that of ‘Red Orbit’
at the same temperature. At relatively low temperatures, the more
fluid exudate would remain an effective sticky trap, while at higher
temperatures, the more-fluid exudate might become too fluid to be
effective. Alternatively, the less-fluid exudate would be more fluid
(and, therefore, more effective) at higher temperatures, and less
fluid and less effective at lower temperatures. The viscosity, and
consequently the sticky-trap property, of the exudate is determined
by the number of double bonds and not specifically by the presence
of w5 double bonds.

In the examinations of Walters et al. (1990), in which a pest-
resistant inbred (71-17-7) and a pest-susceptible inbred (71-10-1)
were reciprocally crossed to produce F, hybrids, there were el-
evated percentages of 22-carbon anacardic acids and correspond-
ing decreased levels of 24-carbon anacardic acids observed in both
F, hybrid combinations. Grazzini (1993) proposed a two-gene
epistasis model for the control of anacardic acid alkyl chain length
as one possible explanation for the observed elevated levels of 22-
carbon anacardic acids in the F hybrid and supported this hypoth-
esis with observations of appropriate ratios in the F, and backcross
generations. In the commercial F hybrids observed in this report,
no such elevation is apparent, at least, not to the extent that it was
observed by Walters et al. (1990). The 22-carbon anacardic acid
content of the commercial F hybrids ranged from 31.7% for
‘Salmon Orbit’ to 55.8% for ‘Ringo Deep Scarlet’. We conclude
that anacardic acid composition is under heritable control, that
significant variation for anacardic acid composition exists among
commercial cultivars, and that elevated levels of 22-carbon
anacardic acids do not significantly occur in all F hybrids exam-
ined in this study.

Hesk et al. (1991) compared the anacardic acid composition of
diploid resistant and susceptible inbreds and concluded that in the
resistant inbred, there were high levels of w5-unsaturated anacardic

Table 2. Anacardic acid composition of selected tetraploid Pelargonium cultivars.

Percentage of major anacardic acid components®

Tetraploid 22:1 24:1 C23:1 22:0 C23:0 24:0 24:1 24:2
cultivar or inbred line (IR} w5 w6 anteiso’ w9 6,9 Ul
P. xhortorum (HOR4)
Veronica 34.4 324 29 52 4.5 4.8 24 14.9 102.0
Orange Ricard 38.8 28.6 2.4 11.5 4.8 3.1 0.0 10.8 91.4
Tetra Scarlet 33.6 299 2.2 1.1 4.0 4.5 0.0 12.2 90.0
Yours Truly 32.6 27.8 2.2 6.4 5.1 8.3 2.4 12.3 89.6
Frau Block 47.1 27.9 0.0 10.8 3.1 43 0.0 6.6 88.3
Eclipse Red 40.2 31.4 25 9.6 44 3.6 0.0 6.7 87.6
IA-505 41.7 30.5 2.0 10.7 4.1 45 0.0 6.6 87.4
Weiss 26.6 15.8 3.0 16.9 4.0 5.8 5.6 18.2 87.4
Americana Rose 429 27.6 0.0 14.5 2.3 44 0.0 8.4 87.2
Amanda 58.5 28.3 0.0 55 4.9 2.8 0.0 0.0 86.8
Irene 27.9 34.8 1.8 12.4 6.3 5.1 0.0 10.5 85.6
Honselers Glorie Lila 36.2 28.3 1.7 11.6 4.9 79 0.0 9.4 85.1
Centennial 18.8 24.0 1.0 20.2 5.7 8.3 0.0 20.4 84.6
Hildegaard 44.8 30.4 0.0 11.7 52 33 0.0 4.7 84.5
Americana Lgt Salmon 38.2 32.1 2.7 9.9 4.1 6.0 0.0 54 83.8
Americana Coral 36.5 22.6 1.7 18.4 35 5.6 0.0 11.6 84.0
PSU 833 29.4 23.2 2.1 17.1 4.7 9.3 0.0 14.4 83.4
IA-330 31.4 28.8 24 14.7 5.5 7.7 0.0 9.5 81.5
1A-332 51.3 24.6 2.6 9.3 6.6 4.1 0.0 0.0 78.6
84-72-6 59.1 17.7 00 12.4 6.4 44 0.0 0.0 76.8
Juliette (Risqué) 26.3 214 2.8 13.0 7.6 159 0.0 13.1 76.7
PSU 203 (HGL x Karminball)  33.3 33.4 1.8 10.5 6.5 10.5 0.0 3.4 75.3
Paris 383 27.2 2.0 13.2 5.5 10.3 0.0 3.5 74.5
Freckles 38.1 249 0.0 10.1 4.5 16.9 0.0 55 74.0
PSU 196 (Dixieland) 319 29.0 0.0 12.6 7.7 18.8 0.0 0.0 60.9
Mean 38.5 27.6 1.8 11.8 52 7.0 0.0 7.7 - 83.3
SE 1.9 0.8 0.3 0.7 0.3 0.9 0.0 1.1 1.5
t value (HOR4 = HOR?2) 1.00 2.64 1.70 1.74 1.10 0.33 NA 0.31 1.3
df=34 NS NS NS NS NS NS NS NS NS
zOnly major components are reported, therefore values may not sum to 100%.
¥The 16-carbon chain possesses a methyl branch at the w3 position.
¥Nonsignificant. )
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acids and low levels of 24:1 w9- and 24:2 w6,9-anacardic acids.
Trichome exudate from the susceptible inbred contained virtually
no w5-anacardic acids but contained high levels of 24:1 w9- and
24:2 w6,9-anacardic acids. In this examination of commercial
cultivars, we observed significant levels of 24:2 ®6,9-anacardic
acids in diploid cultivars exhibiting high levels of w5-anacardic
acids. However, we observed no detectable 24:1 w9-anacardic
acids in any of the diploid cultivars observed. We conclude that
there are no barriers to the simultaneous production of w5- and
6,9-anacardic acids in the same diploid plant. Indeed, many of the
diploid cultivars examined contained >10% 24:2 w6,9-anacardic
acid. However, a genetic or competitive biochemical barrier to the
simultaneous production of 24:1 ®5- and 24:1 w9-unsaturated
anacardic acid may exist.

Tetraploid cultivars. In tetraploid cultivars, one might expect
that nulliplex, simplex, duplex, triplex, and quadriplex allelic
states for anacardic acid composition could be isolated. Since
almost all tetraploid cultivars are vegetatively propagated, these
isolates and their presumably unique anacardic acid composition
would be retained through asexual propagation. We examined the
anacardic acid profiles of 25 tetraploid cultivars (Table 2) for these
allelic effects and observed none. Indeed, the mean values for the
individual anacardic acid components were not significantly dif-
ferent between the diploid cultivars and the tetraploid cultivars
except for the 24:1 w5-anacardic acid. In this case, on the average,
the diploid cultivars contained a significantly higher (P < 0.05)
amount of the 24:1 w5 component. There was a corresponding (but
nonsignificant) decrease in the amount of 22:1 w5-anacardic acid.
We interpret these observations to indicate that, although a consid-
erable amount of variation exists among cultivars within each
ploidy level, there is virtually no difference in anacardic acid
composition that can be directly attributed to ploidy level. The
range of exudate unsaturation indices varies from a high of 99.7
(‘Veronica’) to a low of 60.9 (‘PSU 196°). This range is very
similar to that observed for the diploid cultivars. However, in
contrast with the diploid cultivars, some of the tetraploid cultivars
contained w5-, w9-, and w6,9-unsaturated anacardic acids. The
tetraploid cultivar ‘Veronica’ contained 69.7% w5- and w6-
anacardic acids, 24% 24:1 w9-anacardic acid, and 14.9% 24:2
w6,9-anacardic acid.

Transmission of anacardic acids, w5 desaturation, and tall
glandular trichomes through interspecific hybridization The tetra-
ploid HOR4 cultivar Veronica had w3-anacardic acids and tall
glandular trichomes typical of a pest-resistant HOR2 phenotype
(Table 1). The tetraploid PEL4 cultivar Yale (Table 2) had neither
tall glandular trichomes nor anacardic acids. However, the primary
interspecific hybrid (HXP) between ‘Veronica’ and ‘Yale’ and the
backcross of the hybrid with ‘Veronica’ had an abundance of tall
glandular trichomes and anacardic acids, including the w5-anacardic
acids characteristic of a pest-resistant HOR2 phenotype.

The anacardic acid composition of the HXP interspecific hy-
brid was very similar to that of the HOR4 parent, although there
was a tendency for the HXP to have a slightly elevated 22-carbon
anacardic acid content (50.7% vs. 39.6% for ‘Veronica’), similar
to the increase in 22-carbon content reported by Walters et al.
(1991) for F, hybrids between two HOR?2 inbred lines.

Trichome exudate from the tetraploid ‘Veronica’ contained a
much higher percentage of 24:1 w9- and 24:2 w6,9-anacardic acids
than the diploid resistant inbred (HOR2 71-17-7). The ability to
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produce these two anacardic acid components was transferred to
the primary hybrid with PEL4 ‘Yale’. However, the percentages
produced in the primary PXH hybrid were about one-half that
produced in HOR4 ‘Veronica’ (Table 2).

The synthetic mechanism for w5 desaturation appears to be
transmitted through interspecific hybridization in a dominant
fashion. In an interspecific hybrid between the tetraploid HOR4
cultivar ‘Veronica’ and the glabrous tetraploid PEL4 cultivar
‘Yale’, the primary hybrid possessed tall glandular trichomes
whose exudate had an anacardic acid composition much like that
of a typical resistant HOR2. These observations parallel, at least
inferentially, the presumed hybridization between P. inquinans
(withtall glandular trichomes) and P. zonale (with no tall glandular
trichomes) to produce P. xhortorum.
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