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ABSTRACT

Resistance to Colorado potato beetle in a clone of Lycopersicon
hirsutum f. hirsutum L. is attributed to the presence of the sesqui-
terpene zingiberene in the type VI leaf trichomes; however, both
day/night temperature regimen and photoperiod affect zingiberene
content and trichome density. In short days (SD), zingiberene
content per trichome is more than 3-fold greater than in long days.
In SD, trichome density per unit leaf surface is 2-fold greater at
25/20°C (day/night) than at either 30/25°C or 20/15°C, thus indi-
rectly influencing zingiberene content per cm2. In long days, tem-
perature regimen had little effect on either trichome density or
zingiberene content, although trichome density was greater than
or equal to that in SD.

Glandular trichomes that accumulate large quantities of
terpenes and other essential oils have been found to be
associated with insect resistance in a number of species of
tomato (6, 11, 13). Lycopersicon hirsutum f. hirsutum Humb.
and Bonpl. is resistant to several arthropod pests, including
the Colorado potato beetle (Leptinotarsa decemlineata Say),
although the degree of resistance may vary in different
environments and with different genetic backgrounds. Re-
sistance to this pest has been associated with the presence of
type VI trichomes, capitate glandular hairs, 0.2 to 0.5 mm
long, which contain a four-celled head. The secretory head
cells of the type VI trichomes from resistant genotypes con-

tain high amounts of the sesquiterpene zingiberene (2, 9).
Because L. esculentum contains type VI trichomes and can be
successfully crossed with L. hirsutum, it may be possible to
transfer this trait. To better understand the effect of environ-
ment on trichome density, zingiberene content, and insect
resistance, the following research was undertaken to deter-
mine whether temperature and photoperiod modify the
expression of the genes for type VI trichomes and zingiberene
production.

MATERIALS AND METHODS

Lycopersicon hirsutum f. hirsutum PI 126445 was propa-
gated by cuttings and grown for 12 weeks in chambers at
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30/250C, 25/200C, or 20/150C (day/night) in either SD with
a 10-h photoperiod (450 qmole m-2 s-1) or LD, an 18-h
photoperiod provided by extending the light period with 8 h
of incandescent light. Sesquiterpenes were extracted from
leaf tissue obtained from the third or fourth node below the
apical bud (4-6 cm in length, about 50% expanded) by
immersing the leaf in hexanes overnight at 40C according
the methods described by Carter et al. (2). Sesquiterpenes
previously identified by GC-MS (1) were quantified by GC
using a wide-bore capillary column (1.5-,um DB-1 film, 30 m
in length; J & W Scientific, Inc., Rancho Cordova, CA) that
was at 1100C for 5 min and then temperature programmed
at 5°C/min to 1350C. Farnesol (Sigma, St. Louis, MO) was
used as an internal standard. Percentage recovery ranged
from 65 to 90% (n = 12).

Leaf area was determined by using either an empirically
derived conversion factor relating leaf weight to area, for
each of the environmental conditions described above, or a
Li-Cor LI-300 portable leaf area meter. Trichome density was
determined by counting trichomes with the aid of a binocular
microscope, within five 19.6-mm2 circles from the interveinal
region on the abaxial and adaxial surfaces of a lateral leaflet,
obtained from the third or fourth leaf below the apical bud.
The average value per unit surface area was obtained for 12
leaves. The entire experiment was repeated twice.

RESULTS AND DISCUSSION

Three sesquiterpenes were previously identified in foliar
extracts: zingiberene, curcumene, and bisabolene (1). By col-
lecting the glandular tips from all type VI trichomes on both
surfaces of the leaflets and comparing the sesquiterpene
content of these cells with that of the rest of the leaf, we
determined that zingiberene and the related sesquiterpenes
occur almost exclusively in the glandular tips of the type VI
trichome (1). Each of these compounds was found in the six
temperature-photoperiod regimens in similar proportions of
approximately 85% zingiberene, 10% bisabolene, and 5%
curcumene. The levels of zingiberene and the other sesqui-
terpenes (not shown) were significantly greater in SD than
LD regardless of the temperature regimen (Table I). In SD,
however, the optimum conditions for zingiberene production
were 25/200C. Zingiberene levels decreased by about 50%
when the temperature was either raised or lowered by 50C.
In addition to the lowest levels of zingiberene, the 20/150C
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Table I. Effect of Photoperiod and Temperature Regimen on Type VI Trichome Density and
Zingiberene Content of the Leaves of L. hirsutum f. hirsutum

Photoperiod. Temperature Regimen Trichome Density Zingiberene Zingiberene(day/night)
°C/°C No./cm2 g/cmr ng/trichomeb

SD 20/15 541 ± 40 32 ± 2 59
25/20 1204 ± 58 67 ± 5 56
30/25 514 ± 39 32 ± 2 63

LD 20/15 829 ± 41 11 ± 1 13
25/20 1122 ± 78 19 ± 2 17
30/25 1000 ± 57 17 ± 2 17

SD, 10 h of light, 14 h of dark. LD, 18 h of light, 6 h of dark. b Calculated from measurements
of trichome density and zingiberene content per unit surface area.

temperature regimen resulted in the development of a purple
color to the leaves, reminiscent of a phosphorus deficiency.
Temperature had little effect on zingiberene levels in leaves
of plants held in LD. Final leaf size was also affected by both
photoperiod and temperature. Leaves growing in LD or at
the 30/250C temperature regimen tended to be somewhat
smaller and more narrow at maturity than in SD (not shown).
Trichome density was affected by both photoperiod and

temperature (Table I). Except for plants in the 25/200C
temperature regimen, LD resulted in generally greater tri-
chome densities than SD. Density of trichomes was high in
the 25/200C temperature regimen regardless of the photo-
period. Within LD, there was little affect of temperature on
trichome density. In SD, however, temperature had a signif-
icant effect, with higher quantities in the 25/200C tempera-
ture regimen and less than 50% of that amount when the
temperature was either raised or lowered by 50C. Lower
night than day temperature regimens were chosen because
there is some evidence that vegetative growth in tomato is
superior under these conditions (15).
Working with the subspecies L. hirsutum f. glabratum,

Kennedy et al. (10) found that type VI trichome density was
greater in LD than in SD, as were 2-tridecanone content and
resistance to tobacco hornworm. Snyder and Hyatt (14) found
higher trichome densities in LD in both L. hirsutum f. hirsutum
and L. hirsutum f. glabratum. They identified two carbon-15
compounds from L. hirsutum f. hirsutum trichomes that were
likely to be sesquiterpenes, although they did not find any
differences in their levels on a per unit surface area as a result
of photoperiod. In a later study, Good and Snyder (9) did
find higher trichome densities in LD and higher quantities of
zingiberene. Our results contrast with those of Good and
Snyder (9). This could be the result of the L. hirsutum f.
hirsutum clone that we are using, which produces zingiberene
in amounts 3- to 10-fold greater than the clones they sur-
veyed. In addition, their SD and LD conditions differed
considerably from ours in that their experiments were con-
ducted in the greenhouse in either winter (SD) or summer
conditions (LD).
Our results indicate that photoperiod affects the amount

of zingiberene per unit surface area by controlling zingiberene
content per trichome. Although the factors controlling zin-
giberene synthesis may be different from those controlling
trichome density, in SD at least, temperature affects the

amount of zingiberene per unit surface area by controlling
trichome formation.

In general, environmental or developmental factors that
promote photosynthesis or availability of photosynthate con-
comitantly increase terpene accumulation (4, 7). Higher light
intensity and duration usually promote terpene accumulation
(8, 16), and cool nights have been found to increase mono-
terpene concentration in peppermint (Mentha piperita L.)
before flowering (12). Monoterpene concentrations are gen-
erally higher in young leaves and peak at or before flowering
(3, 12), with increased rates of catabolism at the time of
flowering (4, 5).
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