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Abstract. Confined-leaf tests in a greenhouse showed Lagenaria siceraria (Molina)
Standley plant introduction (PI) 442369 was as susceptible to sweetpotato whitefly,
Bemisia tabaci Gennadius, oviposition as Cucumis melo L., Cucurbita ecuadorensis
Cutler and Whitaker, and Cucurbita lundelliana Bailey, whereas L. siceraria accessions
PI 419090, PI 419215, PI 432341, and PI 432342 were resistant. Resistance rankings
of L. siceraria accessions based on adult counts in greenhouse and field tests were
similar. Adult entrapment among trichomes was highest on adaxial leaf surfaces of L.
siceraria PI 419090. Abaxial leaf trichome density was 48.7/mm2 on sweetpotato white-
fly-resistant L. siceraria PI 432342, 42.1/mm2 on Cucurbita lundelliana PI 540895, and
ranged from 51.0 to 85.5/mm2 on Cucurbita ecuadorensis PI 540896. Leaf trichome
densities of selected plants of four L. siceraria accessions ranged from 33.0 to 52/mm2

on the abaxial and from 6.3 to 20.8/mm2 on the adaxial surface. Scanning electron
micrographs of the abaxial leaf surface, the preferred surface for oviposition, suggest
that trichome configuration (density and arrangement of different lengths) could be a
factor in reduction of whitefly oviposition on L. siceraria.
Three whitefly species, including Bemisia
tabaci the sweetpotato whitefly (SPWF), are
sporadic pests of cotton (Gossypium hirsu-
turn L.) in Imperial Valley, Calif. (Gerling,
1967). In Fall 1981, the SPWF population
reached an epidemic level (Butler et al.,
1983). Cucurbits were severely damaged by
SPWF feeding and infection with squash leaf
curl (Flock and Mayhew, 1981) and lettuce
infectious yellow viruses (Duffus et al., 1986).
In 1990, a new biotype of the SPWF in Im-
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perial Valley was found to cause silverleaf
in squash (Cucurbia spp.) (Cohen et al.,
1992). This biotype, designated the Florida,
poinsettia, IV90, or B (SPWF-B) biotype,
reached heretofore unseen levels in 1991 and
caused much more damage through feeding
than the previous biotype that has been des-
ignated the California, cotton, IV81, or A
(SPWF-A) biotype (Cohen et al., 1992; Per-
ring et al., 1992).
Table 1. Mean trichome density (per square mill
Riverside, Calif.

zLength × width.
yNumber of 2-mm2 areas sampled.
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Recently, we reported that none of four
wild Cucurbita spp. cross-compatible with
cultivated Cucurbita spp. were sufficiently
resistant to squash leaf curl virus and SPWF-
A and that the search for resistance should
be continued (McCreight and Kishaba, 1991).
In that same study, we reported that 11 L.
siceraria accessions were highly resistant to
squash leaf curl. In an unpublished study,
we found high resistance to SPWF-A in L.
siceraria. We report here the differential re-
sponse of selected Lagenaria accessions to
SPWF-A. We describe the spatial arrange-
ment of L. siceraria trichomes that might be
important for resistance to SPWF-A and de-
crease the incidence of squash leaf curl virus
infection. Response of these accessions to
SPWF-B remains to be determined.

Greenhouse studies
Seven L. siceraria accessions were in-

creased by controlled self-pollinations in a
field plot for use in these studies; seed stocks
were received from the Regional Plant Intro-
duction Station, Experiment, Ga.; PI 419090
and PI 419215 from China; PI 432341 and
PI 432342 from Cyprus; PI 438844, PI
438845, and PI 442369 from Mexico. Four
L. siceraria accessions differing from PI
432341 for trichome configuration (length,
arrangement, and density) were selected for
study: PI 419090, PI 419215, PI 432342, PI
442369. Also included were Cucurbita ecu-
adorensis (PI 540893, Cucurbita lundel-
liana (PI 540896), and Cucumis melo (PI
414723). Lagenaria seeds only were scari-
fied by excising a small portion of the seed-
coat at the end of the seed opposite from the
radicle. All seeds were planted in vermicu-
lite; seedlings were transplanted into 1.5-li-
ter plastic pots containing a mix of 1 peat :
4 soil : 5 sand : 5 silt : 5 vermiculite (by
volume). Plants for leaf trichome counts were
transferred into 3.6-liter containers and those
for sleeve cage studies were transferred into
11-liter plastic pots. They were watered once
daily with a nutrient solution (Ward, 1973),
modified to contain 0.2 times the recom-
mended minor element concentration. If
necessary, a second watering was done with
tepid tap water.
imeter) on three cucurbit species. In greenhouse,
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Fig. 1. Abaxial trichomes on Lagenaria siceraria PI 432342 (left) and PI 442369 (right). Scanning electron micrograph, × 123, 55° tilt.

Table 2. Trichome density (per square millimeter) on the two leaf surfaces of Lagenatia siceraria.
In greenhouse, Riverside, Calif.

zLength × width.
yNumber of 2-mm2 areas sampled.
Trichome counts. Leaves were considered
mature when two to four basal leaves were
of nearly equal size. Trichome density of
these leaves (one leaf per plant, one to seven
plants of each PI) was measured by laying a
2-mm2 template over the abaxial and adaxial
surfaces of the leaves and counting the tri-
chomes within the perimeter. The area was
lightly dusted with talc to reduce glare and
make the trichomes more visible. Counts were
made with the aid of a dissecting scope at
× 40. Equal numbers of samples were taken
near the midrib, equidistant between midrib
and leaf margin, and near the leaf margin.
Blade lengths and widths of the leaves sam-
1218
pled were also measured. Counts were com-
bined by plant for calculation of means and
SE; t tests (P = 0.05) were calculated for
comparing any two means.

Feeding and oviposition studies. Sleeve
cages were used to confine 25 SPWF-A pairs
to a single, whole, attached leaf of each PI
in a randomized complete-block design with
three blocks. The sleeve cages (≈28 liters)
were formed with two 30.5-cm2 aluminum
screen frames spaced 30.5 cm apart. The
center four surfaces were clear Mylar film
wrapped around the frame and held in place
with duct tape. Both frame ends were cov-
ered with loose-fitting surgical stocking ma-
HORT
terial that provided an insect-proof seal when
secured around the stem.

In the first test, flies on each surface of
the leaf were counted daily for 3 days. After
5 days of oviposition, plants were fumigated
with Vapona Florafog (E.C. Geiger Co.,
Harleysville, Pa.), and eggs on each surface
were counted and recorded separately. A
second test was done using different sets of
three plants of each plant accession. The
procedure was similar in the second test, with
the exception that counts of the flies were
made twice daily for 3 days. Adult counts
on the three leaves were summed each time
and considered as replicates in time for
analysis of variance (ANOVA) using MSTAT
(Michigan State Univ.). For the data on eggs,
counts on each leaf (plant) were considered
a replicate.

Field study

Six L. sicerartia accessions (PI 419215, PI
419090, PI 432341, PI 432342, PI 438844,
PI 442369), three Cucurbita lundelliana S1

selections for high trichome density from PI
540897 and PI 540898, and six Cucumis melo
accessions (PI 414723, PMR Honeydew,
WMR 29, AR 5, ‘Top Mark’, and ‘PMR
45’) were planted 10 Aug. 1987 in a field at
the U.S. Dept. of Agriculture-Agricultural
Research Service, Irrigated Desert Research
Station, Brawley, Calif., in a randomized
complete block with five replications. Each
replication consisted of 15 contiguous plots
on 2.3-m centers, and each plot consisted of
three two-plant hills spaced 2.1 m apart.
SCIENCE,VOL. 27(11), NOVEMBER 1992



Table 3. Mean sweetpotato whitefly adult and egg counts on adaxial and abaxial leaf surfaces of
whole attached leaves confined in Mylar-covered-sleeve cages. In greenhouse, Riverside, Calif.z

Table 4. Mean adult whitefly counts on the two leaf surfaces and plant condition of selected cucurbits.
In field, Brawlcy, Calif.

zPlant condition rating scale: 1 = plant dead; 2 to 3 = severely stunted but still alive; 4 to 6 = yellow
and mildly stunted; 7 to 9 = mild yellow and vigorous.
yMean separation within column at P = 0.05, Student-Newman-Keul’s test.
Replications were separated by 4.9-m barren
buffers. Adult SPWF-A were counted on 10
and 22 Sept. (31 and 43 days postplanting).
For the first count, adult SPWF-A were
counted on half of the adaxial and abaxial
surfaces of 10 leaves per plot; counts from
each plant were kept separate. This proce-
dure was cumbersome, and the data (not
shown) were highly variable. Following the
recommendation of Edelson (1986) for sam-
pling insects in Cucumis melo, we increased
the number of unit areas sampled to 10 per
leaf and decreased the size of the unit area
per sample to 1.21 cm2 by use of a grid
overlaid a short distance above the leaf sur-
face so as not to disturb the flies; 10 sample
counts were taken from two intermediate
leaves selected at random.

Plant condition was evaluated on a plot
basis on 28 Oct. (79 days postplanting) as
follows: 1 = plants dead; 2 to 3 = plants
HORTSCIENCE, VOL. 27(11), NOVEMBER
extremely stunted and yellow crown leaves;
4 to 6 = plants intermediate in growth with
yellow crown leaves; and 7 to 9 = very
slight yellowing of crown leaves and vines
quite vigorous. Data were converted to  

     as appropriate. Missing data
(five plots) were calculated before ANOVA
(Snedecor, 1956), and the SE was adjusted
accordingly before means separation by use
of the Student-Newman-Keul’s test using the
range module in MSTAT.

Scanning electron micrograph studies
Mature leaf samples were taken from L.

siceraria accessions PI 419090, PI 432341,
PI 432342, PI 438844, and PI 442369. Young
leaf samples were also taken from PI 419090.
All leaf samples were obtained from the field
plot at Brawley. With the aid of a dissecting
stereo microscope, leaf disks were cut from
the undamaged midleaf area (at midblade
 1992
length and equidistant between the midrib
and the leaf margin) using a 5-mm cork borer.
General techniques described by Hayat (1978)
were followed to prepare the leaf disks for
scanning electron micrographs. Specifically,
disks were fixed in 2.5% glutaraldehyde so-
lution in 0.15 M NaPO4 buffer, pH 7.3. Pen-
etration of the fixing solution into the disks
was facilitated by placing the vials on ice in
a vacuum desiccator until the disks sank in
the vials. Disks were then washed in 0.15 M

NaPO4 buffer, pH 7.3, using four changes
of buffer over 1 h. Disks were postfixed in
1% osmic acid in 0.15 M NaPO4 buffer, pH
7.3, for 1 h at ice-bath temperature and then
rinsed in the washing buffer with four changes
over 50 min. Dehydration was initiated in
30% ethanol at room temperature with two
ethanol changes over 30 min, followed by
two changes in 50% ethanol over 90 min at
room temperature. While still in 50% ethanol,
the disks were placed in a cold room at ice-
bath temperature overnight. The following
day, they were brought to room temperature
and given two rinses in 70% and 95% ethanol
each at 30-min intervals. Disks were then
transferred through four changes of absolute
ethanol at room temperature at 30-min in-
tervals.

The disks were then placed in a drier
(Tousinis Autosamdri-810 critical point;
Tousinis Research, Rockville, Md.). Dried
disks were subsequently attached to scanning
electron microscope (SEM) stubs with silver
paint either by abaxial or adaxial leaf sur-
faces. The stubs with attached disks were
stored temporarily in a vacuum desiccator
containing Drierite (Fischer Scientific, Tus-
tin, Calif.) desiccant. Some of the stubs were
coated with gold in a sputter-coater (Tech-
nics Hummer V; Technics, Alexandria, Va.),
while others were rotary shadow cast with
gold in an Edwards vacuum evaporator (Ed-
wards High Vacuum, El Segundo, Calif.) at
an angle of 38° to 40° to the center of the
stubs. Disks were examined and photo-
graphed at several magnifications and var-
ious tilt angles in the SEM (Model Jeol JSM-
35C; Jeol USA, Peabody, Mass.).

Trichome lengths were measured from
photographs taken at 30°, 55°, or 60° tilt an-
gle and × 78, × 180, or × 200 magnifica-
tion. Means and SD were calculated and
compared with PI 432342 using paired t tests
(P = 0.05).

Mean abaxial trichome density was lowest
on Cucurbita lundelliana, intermediate on L.
siceraria, and about twice as dense on Cu-
curbita ecuadorensis plant no. 5 (Table 1).
On the adaxial surface, the lowest density
was on Cucurbita ecuadorensis, intermedi-
ate on Cucurbita lundelliana, and highest on
L. siceraria, but which was less than half of
the density on the abaxial side.

Leaf trichome density varied among and
within L. sicaria accessions (Table 2). On
the abaxial surface, the lowest density was
on PI 419215; the highest was on plant no.
4 of PI 432342. Leaf trichome counts of leaves
from seven plants of PI 432342 ranged from
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Table 5. Mean leaf hair length (µm) of selected Lagenaria siceraria PIs from scanning electron
micrographs taken at various tilts and magnifications. In field, Brawley, Calif.

zNumber of trichomes grouped in categories ± respective SD.
yScanning electron micrograph taken at × 200 and measurements adjusted to × 180 for comparison.
35.7 to 52.0/mm2 and covered the full range
found among the other Lagenaria Pk. The
highest adaxial trichome density was on PI
419090; the lowest was on PI 442369 (Table
2).

In sleeve cages, more adults were on
abaxial than adaxial surfaces of Cucurbita
ecuadorensis, Cucurbita lundelliana, Cuc-
umis melo, and L. siceraria PI 442369 (Ta-
ble 3). On L. siceraria accessions PI 419090
and PI 432342, more adults were found on
the adaxial leaf surface. Whiteflies were nearly
equally distributed on the two surfaces of L.
siceraria accessions PI 419215 and PI 432341.
No effort was made to determine whether
these flies were simply resting or entangled
among the trichomes, because accurate ob-
servation would have required magnification
and would have disturbed the insects.

Egg counts on the abaxial surface of all
entries tested here followed the same pattern
as the abaxial adult counts (Table 3). This
was true also for the adaxial surfaces of Cu-
curbita ecuadorensis, Cucurbita lundel-
liana, and Cucumis melo but not for the five
L. siceraria PIs. PI 442369 had only three
adults on the adaxial surface but had the sec-
ond highest adaxial egg count (119 clumped
in a small area). PI 419090 had the highest
adaxial adult count (44) but had only 96 eggs
(intermediate) on the adaxial surface (Table
3). This distribution may have been due to
flies on the adaxial surface of PI 419090 being
immobilized among the leaf trichomes.
Adaxial egg counts on L. siceraria PI 442369
were similar to those on Cucurbita ecuador-
ensis, Cucurbita lundelliana, and Cucumis
melo, but its abaxial egg counts were similar
to those on the other four L. siceraria PIs.

Combined across species and tests, the
coefficient of correlation of trichome density
and oviposition on the abaxial surface was
0.312. That value is probably because Cu-
curbita ecuadorensis had one of the highest
egg counts and also the highest trichome
1220
density, while L. siceraria PI 432342 tri-
chome count was 0.5 times as high, but the
egg count was 0.0125 times as high. For
comparison within L. siceraria, the trichome
density on PI 442369 was the same as on PI
432342, but the egg counts were 15 to 84
times higher and about the same as on Cu-
curbita lundelliana, Cucurbita ecuadoren-
sis, and Cucumis melo. In addition, Cucumis
melo PI 414723 (excluded from correlation
analysis) had a very low trichome density
(data not presented) but a high egg count.
Thus, it appears that trichome density within
the range observed in these studies did not
affect oviposition.

In the field, abaxial whitefly counts on the
two Cucurbita lundelliana inbreds were the
highest, with adult counts of 753 and 560
compared with a low of 21 on L. siceraria
PI 432342 (Table 4). Adult counts on L. si-
ceraria PI 442369 and PI 438844 were in-
termediate along with all of the Cucumis melo
lines. Whitefly counts were the lowest on L.
siceraria PI 419215, PI 419090, PI 432341,
and PI 432342. On the adaxial surface, the
highest count was on PI 419090, 262 flies.
Thus, also in the field it appears that resis-
tance did not directly vary with hair density.

Mean trichome lengths on L. siceraria PI
432342 ranged from 359 to 429 µm (Table
5); mean lengths on the other three L. sicer-
aria accessions were significantly shorter (P
= 0.05). Mean trichome length on PI 432141
is probably greater than indicated by its mean;
many were broken in the SEM. Frequency
distributions of the trichome lengths empha-
size the differences of PI 432342 from PI
438844 and PI 442369 (Table 5). PI 438844
and 442369 had significantly higher abaxial
egg counts than PI 432342 (Table 3). Figure
1 shows the trichome distributions on PI
432342 and 442369.

The six Cucumis melo entries were nearly
dead; L. siceraria PI 442369 was only slightly
better. Cucurbita lundelliana and L. sicer-
HO
aria PI 438844 were rated intermediate for
plant condition, while the four other L. si-
ceraria accessions were vigorously growing
with only minor yellowing of the crown leaves
(Table 4).

Turnipseed (1977) found no consistent re-
sponse alteration of the bandedwinged
whitefly [Trialeurodes abutilonea (Halde-
man)] with trichome length variation in soy-
bean [Glycine max (L.) Merr]. But the
trichome density was much less: 14/mm2

(≈0.25 to 0.33 times that on susceptible Cu-
curbita lundelliana). Hoxie et al. (1975) and
Webster et al. (1975) showed that with wheat
(Triticum aestivum L.), resistance to cereal
leaf beetle (Oulema melanoplus L.) feeding
depends on trichome density and length. This
situation could also be true for L. siceraria:
trichomes on the resistant PI 432342 were
significantly longer than those of the suscep-
tible PI 442369.

The potential role of trichome arrange-
ment and length in sweetpotato whitefly re-
sistance does not necessarily negate the earlier
work on cotton by Butler and Henneberry
(1984), which showed that sweetpotato
whitefly preferred pubescent rather than gla-
brous leaves. Interactions of whitefly behav-
ior, host-plant, and host-plant microenviron-
ment are also at play. Cotton is upright, and
L. siceraria is prostrate. For the latter spe-
cies, only the abaxial surface would provide
shelter for the sweetpotato whiteflies in the
hot summer. Sippel et al. (1987) discussed
the possibility of differential parasitism be-
tween glabrous and hirsute cotton because
the oak leaf and glabrous characters ac-
counted for only 60% of the variation.

All of the hosts tested herein are pubes-
cent. Resistance appears to depend on the
spatial arrangement of trichomes of different
lengths. Stout, medium to long trichomes in-
terspersed among dense, short trichomes (like
those of PI 442369, Fig. 1) appear to reduce
oviposition on L. sicerartia PI 432342. Pu-
bescence seems to be the ovipositional de-
terrent rather than some exotic factor in the
leaf, because confined whiteflies oviposited
more on the less-pubescent adaxial surface
than on the abaxial surface, and because
mortality rates on the two surfaces were sim-
ilar (unpublished data).

Striking differences in whitefly adult and
egg counts and the differential trichome con-
figurations warrant further investigation.
Mode of action of the apparent mortality on
the adaxial leaf surface of PI 419090 and
qualitative studies of the trichomes of PI
432342 should prove interesting and poten-
tially useful.
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