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ABSTRACT 'Urban' elm, a single clone (no. 314) of Ulmus wilsoniana Schneider and
hybrids between 'Urban' elm and the U. wilsoniana clone were compared for suitability for
the adult elm leaf beetle, Xanthogaleruca luteola (Miiller). Measures of suitability were adult
male and female longevity, preoviposition period, and fecundity. Results showed that 'Urban'
elm was generally suitable and the U. wilsoniana clone was generally unsuitable as a host.
When compared with parents, most hybrids were intermediate in suitability. Thus, it appears
that hybrid offspring inherit resistance to elm leaf beetles from U. wilsoniana.
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MUCH INTEREST has recently developed in the
breeding and selection of insect-resistant trees for
forest and landscape uses (e.g., Morgan et al. 1978,
Cunningham & Dix 1983, De Hayes 1983). Before
rapid progress is made in this endeavor, we must
learn more about the basis for resistance. We may
then use resistant germ plasm from many sources
(Dahlms 1972).
An extensive USDA genetic improvement pro-

gram is being carried out with elms, Ulmus spp.
Efforts initially focused on disease resistance
(Townsend 1979) but now include resistance to the
elm leaf beetle, Xanthogaleruca luteola (Muller).
X. luteola, an introduced insect, is cited by urban
foresters as an important tree pest in most regions
of the United States (Kielbaso & Kennedy 1983,
Nielsen et al. 1985). Pest status is related to defo-
liation of elms, the reaction of people to the pres-
ence of high X. luteola population de.nsities and a
tendency of adults to overwinter in dwellings.
In a clonal field plot, 'Urban' elm, a hybrid be-

tween a Netherlands selection, N148 (=Ulmus x
hollandica 'Vegeta' x Ulmus carpinifolia Gle-
ditsch) and Siberian elm (Ulmus pumila L.)
(Schreiber & Main 1976), was found to be defoli-
ated to a greater extent than several other elm
cultivars (R.W.H., unpublished data). A single clone
(no. 314) of Ulmus wilsoniana Schneider was the
only elm not attacked by X. luteola in this field
experiment. In laboratory experiments, 'Urban' elm
was again found to be a preferred host which was
suitable for adults and larvae of X. luteola; the U.
wilsoniana 314 was found not to be preferred and
was poorly suited as a host for adults and larvae of
X. luteola (Hall 1986, Young & Hall 1986).
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Here, we report on experiments designed to ex-
amine the suitability of hybrids of 'Urban' elm and
U. wilsoniana 314 for adult X.luteola and compare
suitability of the hybrids with the parent elm clones.

Materials and Methods

AlI trees were located at the ARS-USDA Nursery
Crops Research Laboratory at Delaware, Ohio. U.
wilsoniana 314 and 'Urban' elms were located in
the same field plot. Hybrids of U. wilsoniana 314
and 'Urban' elm (henceforth referred to as hybrids)
were located in a separate plot ca. 2 km from the
other trees. For each hybrid, the male parent was
U. wilsoniana 314 and the female parent was 'Ur-
ban' elm. Five U. wilsoniana, 5 'Urban' elms and
24 hybrids were used in the experiments. AlI trees
used were similar in size, 3-5 m high and 10-25
cm diameter breast height. Each week, foliage was
haphazardly selected from the lower half of trees
at eight cardinal directions. Foliage samples con-
sisted of the terminal portion of elm branches ca.
15 cm long. Samples contained actively growing
and senescent foliage in approximately the same
proportion found on each tree. There were no ob-
vious differences in the proportion of senescent
foliage on the different trees. Foliage was held in
sealed plastic bags at ca. 5°C until used in experi-
ments (a maximum of 5 d).

Experiments were begun in August 1985. Beetles
used in experiments were field collected as late
third instars from several Ulmus procera Salisbury
at a single site in Columbus, Ohio, and held for
adult emergence in an environmental chamber at
25°C under a 15:9 (L:D) photoperiod. Newly
emerged, unfed adult X. luteola were placed in
male/female pairs in plastic petri dishes with fully
expanded leaves from a single tree. There were ten
replicates for each tree. Dishes were placed in plas-
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Discussion

Elm variety
Variable U. wit-'Urban' Hybrids soniana

No. trees 5 24 5
No. pairs beetles 50 240 50
F,-male longevity (d)a 18.2a 14.6b 9.2c
SEM 1.2 0.5 1.0
Range (among trees) 9.7-21.9 6.9-20 5.4-17.5
Male longevity (d)b 21.2a 15.4b 6.6c
SEM 1.1 0.5 0.7
Range (among trees) 18.5-24.4 7.8-21.1 5.3-8.3
No. eggs/femalec 151.0a 80.9b 5.9c
SEM 19.7 6.9 5.3
Range (among trees) 114-249 5.6-176.6 0-26.5
% females ovipositing 78 55 6
Range (among trees) 60-80 20-90 0-10
Preoviposition period
(d)d 8a 8.8b 11b

SEM 0.4 0.2 1
Range (among trees) 7-10 6.7-12.3 10
No. eggs/ovipositing
female' 193.6a 146.9b 97.6b

SEM 20.7 9.0 79.5
Range (among trees) 160.1-277.7 28-288.6 2-265

Table I. Summary of pooled measures of suitability of brids than on U. wilsoniana (Table 1). Significant
parent and hybrid elms for elm leaf beetles differences occurred in longevity of females among

'Urban' elms, among hybrids, and among U. wil-
soniana. Fecundity varied among females fed on
the elms examined. On 'Urban' elms, 78% of the
females oviposited; on the hybrids, 55% of females
oviposited; on U. wilsoniana, only 6% of females
oviposited (Table 1). On 'Urban' elms, the pre-
oviposition period was significantly shorter and sig-
nificantly more eggs were laid per ovipositing fe-
male than on the other elms. In comparisons among
individual trees, there were no significant differ-
ences in preoviposition period among 'Urban' elms,
but there were significant differences among hy-
brids. On U. wilsoniana, an insufficient number of
beetles laid eggs to permit analyses for individual
trees.
There were significant differences in number of

eggs per ovipositing female between 'Urban' elms
and hybrids and among hybrids (Table 1). Insuf-
ficient oviposition occurred on U. wilsoniana to
include it in analyses for individual trees.

a Means in a row followed by the same letter are not significantly
different (P < 0.05; Student-Newman-Keuls multiple-comparison
test). Hesults of ANOVA among varieties: F = 8.3; df = 2,31; P <
0.01. Among trees within varieties: F = 2.3; df = 31,306; P <
0.01.

b Results of ANOVA among varieties: F = 26.6; df = 2,31; P <
0.01. Among trees within varieties: F = 2.0; df = 31,306; P <
0.01.

C Hesults of ANOV A among varieties: F = 13.6; df = 2,31; P <
0.01. Among trees within varieties: F = 2.3; df = 31,306; P <
0.01.

d Results of ANOV A: F = 3.8; df = 2,171; P < 0.05.
'Results of ANOVA: F = 3.1; df = 2.171; P < 0.05.

tic bags to reduce drying of foliage. Condensation
of water in dishes indicates that relative humidity
was near 100%. Foliage was replaced every 3 d.
Petri dishes were examined daily to determine
mortality, onset of oviposition, and fecundity. Also,
dead males in dishes were replaced daily. All ex-
periments were run at 25°C and 15:9 photoperiod.
Data were analyzed according to methods out-

lined in Sokal & Rohlf (1981). When possible, data
were subjected to a nested analysis of variance
(ANaY A), a = 0.05. Data for preoviposition period
and number of eggs per ovipositing female were
pooled and analyzed by one-way ANaYA. Means
for individual trees were compared with Student-
Newman-Keuls multiple-comparison test at the 5%
level. Where variances among treatments were het-
erogeneous according to Bartlett's X2 test, data were
transformed before analysis.

Results

On average, males and females lived signifi-
cantly longer on 'Urban' elms than on hybrids or
on U. wilsoniana, and significantly longer on hy-

U. wilsoniana was significantly less suitable for
X. luteola than 'Urban' elms. Suitability of hybrids
tended to fall between suitability of the parents.
We found differences in suitability within 'Urban'
elms and U. wilsoniana that may be due to envi-
ronmental influences. Young & Hall (1986) found
that fertilization and watering enhanced the qual-
ity of 'Urban' elm foliage for X. luteola larvae and
adults in the laboratory. Similar factors may be
influencing quality of field-collected foliage. How-
ever, a certain portion of the observed variability
within trees may have been due to changes in leaf
chemistry that occurred during the time interval
between collection and use in assays.
Differences in longevity, preoviposition, and fe-

cundity of beetles fed on parents and hybrids and
among those fed on hybrids suggest the possibility
that differences in suitability are genetically based,
with variation being derived from segregation and
recombination of genes from crossing the two par-
ent clones. Furthermore, the range of differences
in suitability suggests that the differences are likely
to be due to more than one gene. However, the
potential influence of environmental factors on
suitability of the different hybrids complicates in-
terpretation of the results. Characterization of the
effects of environmental factors will require prop-
agation of individual clones and their replication
and outplanting into a new experimental plot.

U. wilsoniana 314 and 'Urban' elms have been
shown to be resistant to Dutch elm disease (Town-
send 1982). Most of the hybrids are also resistant
(A.M.T., unpublished data). Resistance to X. lu-
teola exists within U. wilsoniana, and this study
demonstrates that resistance can be inherited by
elm hybrids even when a susceptible clone (e.g.,
'Urban' elm) is used as a parent. Thus, resistance
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for X. luteola can be incorporated into new elm
varieties for urban plantings.
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