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Abstract

suitability to the adult elm leaf beetiéanthogalerucd= Pyrrhalta) luteolaMiller. Adult female beetles laid significantly more eggs
onU. bergmannianalU. bergmannianaar. lasiophyllg U. castaneifoliaU. gaussenijiu. lamellosa andU. pumilg indicating these
speciesvere the most suitable for ELBhe least suitable species for adult beetle feeding and reproductiotywenenmouiU.
elongata U. glaucescendJ. propinqua U. propinquavar.suberosaandU. szechuanicaAdult female beetles laid eggs within 7—1
days, or 4 days earlier, on the most suitable elms compared with beetles feeding on the least suitable elms. Adult nelke and fem
longevity was significantly affected by host suitability with adult males and females living nearly twice as long on thataibest S
elms compared to the less suitable elms. Least suitable speadenmouiU. elongata U. glaucescensJ. propinqua andU.
szechuanicaffer resistance to elm leaf beetle and show promise for future elm breeding programs.

Index words: Dutch elm disease, suitability, resistance, preovipositional period, longevity, urbattreesspp, leaf beetles.

Species used in this studyJ. bergmanniangchneidery). bergmannianaar. lasiophyllaSchneiderlJ. castaneifolidHemsley;U.
chenmouCheng;U. elongatd_.K. Fuet C.S. Dingl. gausseniCheng;U. glaucescenBranchon{J. lamellosaC.Wang et S.LChang
et L.K. Fu;U. propinquaKoidiez; U. propinquavar. suberos&oidiez; U. szechuanic&ang; andJ. pumilaL.

Significance to the Nursery Industry rope in the 1830s, is found wherever elms grow. This beetle
is considered a major pest, particularly in areas where a large
proportion of the urban forest and landscape contains the
preferred host). pumila(Siberian elm).

United States Department of Agriculture genetic improve-
gnent programs on elms have concentrated on disease resis-
tance in the past (23). More recently, extensive breeding and
selection programs have focused on insect-resistant trees for
forest and landscape use (1, 2, 3, 4, 12, 13, 19, 20, 21, 22,
n23)- Previous efforts have focused on the resistance of vari-
ous elms species and their hybrids for feeding by the elm
leaf beetle (6, 7, 8, 9, 14, 15, 16, 17, 26). In all of these
studies, suitability is defined as the mean number of eggs
laid per female and mean percent of females ovipositing in
no-choice feeding studies. In particular, Asian elms appear
to have high levels of resistance to Dutch elm disease, elm

leafminer,Fenusa ulmiSundevall, and elm yellows (10).
Additional information is needed on resistance to these or
other insects and diseases as well as to the elm leaf beetle.
Recent acquistions of seeds of little-known elm species
from China have made possible significant enlargement and
enhancement of the EIm Collection at The Morton Arbore-
tum, Lisle, IL, and are providing opportunities for evaluat-
ing and testing these elm species as urban trees (5). More
recent additions includg. bergmanniangJ. bergmanniana

The elm leaf beetl&anthogalerucd= Pyrrhalta) luteola var. lasiophylla U. castaneifoliaU. chenmouiU. elongata

‘Received for publication February 12, 2001; in revised form March 26, U. propinquavar. suberosaand U. szechuanlce(24, 25)

2001. Special thanks is extended to M. Wagner (Northern Arizona Univer- (Table 1)' .
sity) for his helpful review of an earlier draft of the manuscript. We grate- A recent study (18) revealed that several of the above bio-
fully acknowledge S. Dreistadt (University of California), L. Etzel (Univer-  types were less suitable for and less preferred by Japanese
sity of California), A. Lawson (University of California), and M. Wagner  paetles. However, very little is known about the resistance

(Northern Arizona University), for supplying us with elm leaf beetle larvae . s
and pupae. Special thanks are due to S. Uetz, K. Olsen, B. Sawyer, and v Of these species to elm leaf beetle, and other elm defoliating

Miller for their assistance with laboratory bioassays, colony maintenance, insects.such as the elm leafminer, spring cankerworm,
data entry, and manuscript preparation. Paleacrita vernatgPeck), and fall cankerworm|lsophila

2Address: The Morton Arboretum, 4100 lllinois Route 53, Lisle, IL 60532.  pometaria(Harris).

The research project reported here evaluated the suitabil-
ity of 11 different newly acquired Asian elm species and one
reference species for adult elm leaf beetle development. The
elm leaf beetleXanthogalerucd= Pyrrhalta) luteolaMdiller
can be a serious pest of elm species in urban landscapes n
tionwide.Ulmus chenmoulJ. elongataU. glaucescendJ.
propinqua U. propinquavar. suberosaandU. szechuanica
appear to have low suitability for the elm leaf beetle. In other
studies, a majority of these same elm species have show
poor suitability for the adult Japanese beetle and elm
leafminer, both potentially damaging insect pests of elms. In
addition as a group, Asiatic elms appear to be resistant to
Dutch elm disease (DED). Identification of elm biotypes re-
sistant to DED as well as the elm leaf beetle (ELB), will be a
critical component in a plant health care (PHC) strategy for
this and other leaf-feeding insect pests of elm. This wealth
of elm genotypes provides a rich source of genetic material
for future elm breeding programs, which could result in elms
resistant to both DED and defoliating insect pests, thus sig-
nificantly reducing or perhaps eliminating the need for in-
secticidal and fungicidal treatments.

Introduction
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Eleven newly introduced Asian elm species and one reference species were evaluated in no-choice laboratory bioassays for their
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Our objective was to conduct an initial screening of eleven plastic bags to prevent drying of the foliage and were held
newly acquired Asian elm species and one reference speciesunder a photoperiod of 16:8 (L:D) h at ~25C (76F). Conden-
to evaluate their suitability for adult elm leaf beetle develop- sation of water on the lid of the petri dish indicated a high
ment. This research will support the development of elm relative humidity. Each of the 5 trees of each species was
hybrids as part of a comprehensive breeding program for assayed with 10 pairs of beetles.
resistance to Dutch elm disease and to feeding by the elm Mean number of eggs laid per female was calculated by
leaf beetle and elm leafminer. totaling all eggs laid by each adult female in each individual
petri dish within a given biotype during the 21 day study and
dividing by the number of females in the study. We also de-
termined the overall percentage of females that oviposited
Hn each species, and the mean preovipositional period. Male
and female longevity from the date that the beetles were in-
troduced to the candidate foliage was also determined. The
measure of suitability for each species was defined by the
mean number of eggs laid per female and the mean percent-
age of females ovipositing.

Materials and Methods

No-choice laboratory bioassayslo-choice laboratory
feeding assays were conducted on second generation (lat
July-early August) adult elm leaf beetles during the 1995
growing season. Eleven Asian elm tree species and one ref
erence species evaluated in this study Wekgergmanniana
U. bergmannianavar. lasiophyllg U. castaneifolia U.
chenmoui U. elongata U. gaussenjiU. glaucescensU.
lamellosa U. propinqua U. propinquavar. suberosaU.
szechuanicaandU. pumilg Siberian elm (control), a favored

host of the elm leaf beetle. Candidate elm species are grow-PEr female, mean percentage of females ovipositing, mean
ing at The Morton Arboretum, Lisle, IL, and range from a preovipositional period, male longevity and female longev-

height of 3-5 m (9-15 ft) and diameters at breast height of Ity Were subjected to Analysis of Variance (ANOVA) using
5-10 cm (24 in). species as the main effect. We tested for homogeneity of vari-

Leaves for the bioassay tests were randomly collected from ?nces.l an-gomogtgnou? ;/analnces were t_transformeﬁl f rior
test trees at ground level from all 4 cardinal directions and '© @nalysIS. Froportion of females ovipositing on each tree

held in cold storage in plastic bags at 5C (40F) for a maxi- Were a_rcsin transform_ed .before analysis to correct for non-
mum of 3 days. The leaf samples included the terminal 31 Normality. Means of significant effect were compared with
cm (12 in) of elm branches. Only fully expanded leaves were Student-Newman-Keuls (SNK) multiple comparison test. A
used. Leaf samples were taken in this way to control for varia- COefficient of correlation was calculated for the ranking for
tion in leaf quality within trees. Leaves from individual trees the mean percentage of females ovipositing with the ranking
were kept separate and beetles were randomly assigned td°" the mean number of eggs laid per female. All data are
dishes for the no-choice laboratory study. Five individual trees Presented as means + SEM. Data were analyzed using the
of each species were evaluated. SigmaStat for Windows (11).

Adult beetles used in the no-choice study emerged from . .
field-collected third instars and pupae shipped overnight from Results and Discussion
sites in and around Holbrook, AZ, and Albany, CA. Upon There were significant differences among the twelve elm
arrival in lllinois, the pupae were sexed and held under a biotypes for the mean number of eggs laid per female and
photoperiod of 16:8 (L:D) h at ~25C (76F). Beetles from the mean percentage of females ovipositing (Table 2). Adult
both sources were randomly assigned to the petri dishes, forffemale beetles laid significantly more eggs bn
all biotypes tested. bergmannianaU. bergmannianavar. lasiophylla U.

For each study tree, a pair of newly emerged, unfed adult castaneifoliaU. gaussenjiu. lamellosaandU. pumila(ref-
beetles (one male, one female) was placed in each of 10 plastie@rence) compared to the remaining six elm biotypes. Female
petri dishes (0.6 x 10.0 cm) with foliage. Petri dishes were beetles laid less than 6 eggs/femalelbnchenmouiU.
examined daily for evidence of feeding, onset of oviposi- elongataU. glaucescendJ). propinqua andU. szechuanica
tion, fecundity, and beetle mortality. Foliage was replaced Ulmus propinquavar.suberosavas intermediate in suitabil-
every 2 days. Females and males that died within the first 3 ity with 13 eggs laid per female (Table 2).
days were replaced with newly emerged, unfed adult female The ranking for the mean percentage of females oviposit-
and male beetles to ensure that healthy beetles had an opporing was significantly correlated {R 0.54; P = 0.007) with
tunity to feed on test elms. Petri dishes were placed in clearthe ranking for the mean number of eggs laid per female.

Statistical analysidvieasures of suitability, mean eggs laid

Table 1.  Origin, mature height, and native growing sites and soils of eleven newly acquired Asian elm species.
Mature height
Species Origin (m) Native growing sites and soils
U. bergmanniana W. Hupei 25 mountain slopes, well-drained soils (500-900 m)
U. bergmannianaar. lasiophylla N/W Szechuan & Yunnan Provinces SE Tibet 25 forests, well-drained soils (2100-3000 m)
U. castaneifolia W. Hupei & E. Szechuan Provinces 20 broad—leaf forests (500-1600 m)
U. chenmoui Langya/Paochua Mts. 20 broad—leaf forests on mountains
U. elongata S. Chekiang & N. Fukien Provinces 30 broad—leaf forests on mountains (250-900 m)
U. gaussenii Langya Mts., Chuhsien, & Anhui Provinces 25 creeks at base of limestone mts.
U. glaucescens Northern China 18 tolerant of dry soils
U. lamellosa N. Hopei Province 10-12 dry soils
U. propinqua Inner Mongolia N. China 25 grasslands, savanna tolerant of poor soils
U. propinquavar.suberosa W. Heilongjiang Inner Mongolia 25 grasslands/savanna tolerant of poor soils
U. szechuanica Upper Yangtze River 18 forests
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Table 2. Mean (+/-) number of eggs laid per adult female, percent females ovipositing, preovipositional period, male longewity] female longevity
on Ulmus species.

No—choice assays

NY Mean eggs laid % females Preovipositional Male Female

Species per female ovipositing period longevity longevity
days

U. bergmanniana 5 56 + 15.5¢ 60 + 11.0bc 9+ 0.5ab 9+ 0.9b 10+ 0.9bc
U. bergmannianaar.lasiophylla 5 48 + 13.3c 60 + 11.0bc 10+ 1.1ab 8+ 0.9ab 10+ 1.0bc
U. castaneifolia 5 67 + 18.7c 50 + 10.0bc 8+ 0.6a 10+ 0.9b 13+ 0.9c
U. chenmoui 5 5+ 21la 31+ 9.0ab 11+ 0.9b 8+ 0.8ab 6+ 0.6ab
U. elongata 5 0+ 0.0a 0+ 0.0a — 5+ 0.6a 5+ 0.7a
U. gaussenii 5 51+ 10.1c 59+ 9.0bc 9+ 0.6ab 9+ 0.7b 9+ 0.7b
U. glaucescens 5 3+ 1l3a 31+ 9.0ab 12 + 1.4ab 8+ 0.8ab 8+ 1.0b
U. lamellosa 5 30+ 7.7b 79 £ 12.0bc 7+ 0.3a 7+ 0.9ab 8+ 0.8b
U. propinqua 5 0+ 0.0a 0+ 0.0a — 8+ 1.0ab 5+ 0.9a
U. propinquavar. suberosa 5 13+ 4.9ab 31+ 12.0ab 9+ 0.9ab 8+ 1.0ab 7+ 0.7ab
U. szechuanica 5 0+ 0.0a 0+ 0.0a — 4+ 0.3a 5+ 0.7a
U. pumila(standard) 5 38+ 9.8c 94 + 14.0c 8+ 0.7a 9+ 0.9b 9+ 1.0ab
Significance <0.0001 <0.0001 <0.0001 < 0.0001 < 0.0001

Aalues within columns followed by the same letter are not significantly diffdPend(05 Student—-Newman-Keuls (SNK) multiple comparsion test). Percent-
ages were arcsine transformed before ANOVA. Data are presented as means + SEM. Means eggs laid per female, perceno$itinglgsrevippositional
period, male longevity, and female longevity are based on 10 male/female pairs of adult beetles for each of five inéisipaakpecies.

YFive trees of each species were evaluated.

Ulmus bergmanniandJ. bergmannianaar.lasiophylla U. Literature Cited
castaneifoliaU. gaussenjiandU. pumilahad 50—94% fe- 1 Carter 1.C. and LR. Carter. 1974. An urb iphytotic of phi

; i o : . Carter, J.C. and L.R. Carter. . An urban epiphytotic of phleom
males OVIpOSItlng whereas < 32% of the females laid €ggs necrosis and Dutch elm disease, 1944-1972. Ill. Nat. Hist. Survey Bull.
on U. chenmouiU. glaucescensandU. propinquavar. 31:13-143,
SUbe.rosa Females failed .to oviposit od. emngata u. 2. Coffelt, M.A. and P.B. Schultz. 1993. Host plant suitability of the
propinquaandu. SzeChua}mC@Table 2). Hall and Townsend_ orange-striped oakworm (Lepidoptera: Saturniidae). J. Environ. Hort.
(7), Hall et al. (8), and Miller and Ware (15, 16) report simi- 11:182-186.
lar mean percentage of females ovipositingJopumilaand 3. Cunningham, R.A. and M.E. Dix. 1983. Variation among Siberian
U. szechuanica elms in their susceptibility of defoliation by the spr_ing cankerworm. Proc.

H|gh|y Signiﬁcant differences were observed for the mean N. Central Tree Improvement Conf. 3:Wooster, Ohio, August, 1983.
preovipositional period. Females feeding on less suitable elm 4. DeHayes, D.H. 1983. Resistance of trees to insects: a geneticists’
biotypes laid eggs approximately 4 days later as Compared perspective. Proc. NE. For. Insect Work Conf. Orono, Maine.
to females feeding on more preferred elm hosts (Table 2). 5. Fu, Li-Guo. 1980. Studies in the getllmusin China. Northeastern
The effect of elm biotypes on male and female longevity For- Inst, Harbin. 40 pp.
was highly Signiﬁcant_ Within a given biotype' males and 6. Hall, R.W. 1986. Preference and suitability of elms for adult elm leaf
females lived the same duration (mean =8 days +1-3 days)_beetle,Xanthogaleruca luteoldColeoptera: Chrysomelidae). Environ.
Both sexes lived the fewest days (mean = 5 daysy.on  Comol 15:143-146. o
elongata U. propinqua andU. szechuanicindicating these 7. Hall, RW. and A.M. Townsend. 1987. Suitability bfmus
. wilsoniang the ‘Urban EIm’, and their hybrids for the elm leaf beetle,

are less suitable hosts for ELB development. Where as they

’ . . Xanthogaleruca luteolgMuller) (Coleoptera: Chrysomelidae). Environ.
lived twice as long (mean = 10 days) dnbergmanniana Entomol. 16:1042—1044.

u. bergr_r_lanniana/a_r. Iasiophyllq u. CaStaneifOIia U. 8. Hall, R.W., A.M. Townsend, and J.H. Barger. 1987. Suitability of
gausseniiandU. pumila(Table 2). Similarly, Miller an_d Ware thirteen different host species for elm leaf beetnthogaleruca luteola
(15) found that male and female beetles feedingJon (Coleoptera; Chrysomelidae). J. Environ. Hort. 5:143-145.
szechuanicéived approximately 5 days and females did not 9. Hall, R.W. and C.E. Young 1986. Host suitability of three Asiatic

lay any eggs. elms to the elm leaf beetl&anthogaleruca luteolgColeoptera;
In summary, of the eleven elm species and one referenceChrysomelidae). J. Environ. Hort. 4: 44-46.
species tested in this study, chenmouiU. elongata U. 10. Heybroek, H.M. 1993. Why bother about the elm? p. 1r8.

glaucescensU propinquaU propinquavar suberosaand M.B.Sticklen and J.L. Sherald (eds.), Dutch EIm Disease Research: Cellular

U. szechuanicare the least suitable elms for ELB develop- and Molecular Approaches. Springer-Verlag. New York, NY. 343 pp.

mént These species look promising for future elm breeding 11. Jandel Scientific. 1992. SigmasStat for Windows. San Rafael, CA.

programs as these Species Supported the |owest fecundity‘ :.|.2. JOhnSOI"I, M.P., D..A. Potter, and G.S. Gilmore. 1993. Sqitability of

percent females ovipositing and male/female Iongevity In Juniper cultivars for survival and growth of the bagworm. J. Environ. Hort.
. ! RO 11:167-170.

addition,U. elongataU. propinqua andU. szechuanicdid

f . . 13. Kielbaso, J.J., and M.K. Kennedy. 1983. Urban forestry and
not support egg laying. These species should be COnSIderedentomology; a current appraistl: G.W. Frankie and C.S. Koehler (eds)

in programs for developing elm varieties with resistance to yrhan Entomology: Interdisciplinary Perspectives. Praeger Scien. New York,
the elm leaf beetle. NY.
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